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It is universally recognized that liver therapy produces beneficial 
effects when administered to patients suffering from pernicious anemia. 
The efficacy of this form of treatment in the improvement of the neuro- 
logic signs and symptoms in subacute combined degeneration of the 
spinal cord was questioned when administration of liver was first insti- 
tuted as a therapeutic measure for this disorder. During the early period 
of its use, most observers stated the belief that the improvement was 
limited to the subjective neurologic symptoms and that the objective 
signs remained unchanged. This opinion was, however, gradually 
changed because of the numerous reports by Richardson; ' Ungley and 
Suzman ;* Needles; * Minot and Murphy;* Baker, Bordley and Long- 
cope;° Strauss, Solomon, Schneider and Patek;® Hyland and Farqu- 
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harson,’ and others, who demonstrated improvement in the objective 
neurologic signs in those patients who received adequate amounts of 
liver. Despite these findings, a certain amount of skepticism prevailed 
because it was found difficult to accept the idea that liver could in some 
way influence the regeneration of destroyed axis-cylinders. 

In 1931 the central nervous systems from several patients having 
pernicious anemia with signs and symptoms of involvement of the pos- 
terior column and pyramidal tracts of the spinal cord were studied 
histopathologically.* Seven of 17 patients received liver therapy, but not 
all 7 were treated adequately. In contrast to the untreated patients, 
whose spinal cords showed poor gliosis * in the areas of destruction, the 
treated patients had cords which showed proliferation of the glia in the 
involved pathways. The myelin sheaths and axis-cylinders presented 
no appreciable changes from those seen in the spinal cords of untreated 
patients. The only other similar observation with evidence of produc- 
tivity of the glia in the affected pathways has been, as far as I was able 
to determine, that reported by Hyland and Farquharson‘ in 1936. 

Since 1931, 69 patients having pernicious anemia with subacute com- 
bined degeneration of the spinal cord and receiving early and inten- 
sive liver therapy have been observed clinically at this institution. In 
most of these patients improvement in the subjective and objective neuro- 
logic signs and symptoms was greater than in members of the group 
observed in 1931. On 10 of these 69 patients autopsy was performed. 
The pathologic process in the central nervous system of these 10 patients, 
who were treated more adequately than those in the first group, differed 
extensively. As will be shown, the extent of the pathologic process in 
these patients was not as great and the myelin sheaths and axis-cylinders 
were not as extensively destroyed as in the untreated or mildly treated 
patients. Furthermore, in 5 of these 10 patients the degeneration, 
instead of involving the posterolateral tracts, was limited to the posterior 
columns and rarely invaded the pyramidal pathways. In the other 5 
patients, although there was posterolateral involvement, the greatest path- 
ologic changes were present in the posterior columns. In all of the 10 
patients there was marked proliferation of the glia in the destroyed 
pathways, even more extensive than in the 7 treated patients whose cases 
were reported in 1931. 


7. Hyland, H. H., and Farquharson, R. F.: Subacute Combined Degenera- 
tion of the Spinal Cord in Pernicious Anemia: Results of Treatment in Seventy- 
Four Consecutive Cases with Certain Clinical Observations, Arch. Neurol. & 
Psychiat. 36:1166 (Dec.) 1936. 
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Following Liver Therapy: A Histopathologic Study, Arch. Neurol. & Psychiat. 26: 
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MATERIAL AND METHOD 


The cases of 10 patients who had pernicious anemia with neurologic signs and 
symptoms referable to the spinal cord and on whom autopsy was performed formed 
the basis of this study. All 10 patients received liver therapy, some more adequate 
than others (table). 

Sections from the spinal cord at various levels were cut transversely and 
longitudinally and stained by the myelin sheath, sudan III, Holzer, Mallory 
phosphotungstic, Bielschowsky and cresyl violet methods. Special study was made 
of the myelin sheaths, the axis-cylinders and the glia. These sections were care- 
fully differentiated from sections which might have shown an ascending or 
descending degeneration. Comparisons were also made with the material previously 
studied in 1931 from untreated or inadequately treated patients. 

As the histopathologic changes associated with subacute combined degeneration 
are well known, a detailed description of them will be omitted in this presentation. 
It is to be emphasized, however, that the glial reaction in cases of subacute combined 
degeneration without liver therapy is regressive in type—poor gliosis. 


ANALYSIS OF MATERIAL 


Ten patients, whose cases are outlined in the table, form the basis of 
this material. For the purpose of this study the detailed histories, 
physical signs and histopathologic findings in each individual case are 
deemed irrelevant and are therefore omitted. 

Clinical Evaluation.—Only a few clinical remarks will be made. A 
more detailed evaluation of these 10 and about 60 other cases in which 
the patients were observed and the improvement in the neurologic signs 
and symptoms will form the subject of another presentation. 

The 10 patients included 3 men and 7 women. The ages varied 
between 35 and 76. One patient was in the fourth, 2 in the fifth, 2 in 
the sixth, 3 in the seventh and 2 in the eighth decade. 

The duration of the illness varied from nine months to eight years, 
the average being about four years and four months. Only 3 patients of 
the group lived only two years or less after the illness began, and their 
ages, with periods of survival, were 63 (one year, five months), 76 (two 
years) and 65 (nine months), respectively. 

Blood Picture and Gastric Analysis—All of the patients except 
patient 7 had at one time or another a blood picture typical of pernicious 
anemia. Patient 7 had a normal blood picture even before the liver 
therapy was instituted; achlorhydria, however, was noted immediately. 
The diagnosis of pernicious anemia was considered in this instance on 
the basis of the neurologic signs referable to the posterior columns and 
the achlorhydria. Such cases are within the experience of most physi- 
cians. All 10 patients had achlorhydria. 

Clinical Neurologic Findings—All 10 patients showed signs and 
symptoms referable to the spinal cord. The onset of the neurologic 
symptoms in most instances, except cases 8 and 9, occurred some time 
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after the diagnosis of pernicious anemia was made. In the afore- 
mentioned 2 cases the neurologic symptoms were present at the time that 
a diagnosis of pernicious anemia was made. 


Patients with Subacute ( 


10 


42 


57 


76 


Blood Picture Dura- 
Dura- — — tion of 
tion Hemo- Clinieal 
of globin, Red Color White Differential Gastrie Neurologic Changes in thy 
I is Index Cells Picture Analysis Signs Spina! Cor \ 
8 yr. 6 4,600,000 0.65 10,450 ~—s- Slight variation in Achlorhydria 4yr. Posterolatera! 
size and shape of greater involveme 3 
red blood cells; no posterior columns 
nucleated red cells 
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3 mo. pernicious anemia 
---———- Blood picture prior to liver therapy——-——-—._ Achlorhydria 4 yr. Posterolatera! 
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Blood picture prior to liver therapy—————--._ Achlorhydria lyr., Posterior colum 
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right pyramidal tr 


pernicious anemia 
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right pyramidal 


—————Blood picture prior to liver therapy—————_._ Achlorhydria 9mo. 
9 mo. 45 1,860,000 1.21 4,300 Picture typical of 


Tnicious anemia 


————————_One week after liver therapy: 
59 8,310,000 5,600  Anisocytosis; 
poikilocytosis 


Achlorhydria 2 yr. Posterior colums: 


Blood picture prior to liver therapy. 
4yr., 38 =: 1,800,000 1.05 6,000 Picture typical of a 
6 mo. pernicious anemia 
liver therapy 
75 3,700,000 1.01 9,500 Anisocytosis: 
poikilocytosis 


Effect of Liver Therapy—The subjective neurologic symptoms 
improved in all cases, except that of patient 2. In the latter, the improve- 
ment could not be evaluated because the patient was observed at this 
institution only for twenty-four hours. Apparently this patient was not 


treated adequately with liver. The subjective improvement in the neuro- 
logic symptoms of patient 9 was slight. 
nine months and died of bronchopneumonia. 


This patient was ill for only 
Apparently she did not 


No. Sex Age 

M 
4 F 

i F 73 

6 M 35 

7 M 

8 F 
m= F 
] 


477 


DEGENERATION 


DAVISON—ANEMIA WITH CORD 


receive sufficient liver therapy. Had she lived longer, improvement 
might have occurred. Objective improvement in the neurologic signs 
was observed only in patients 6, 7 and 8. In patients 7 and & the 


tion Who Received Liver Therapy 


provement State of 
ifter Liver Myelin Sheaths and 
Therapy Type of Glial Reaction Axis-Cylinders Comment 


subjective Progressive; moderate Considerable destruction Patient received liver before admission to 
gliosis, noticeable in the the hospital 
posterior columns 


Slight gliosis in the Considerable destruction Patient in the hospital only for & hours; 

posterior columns previous blood counts about the same; blood 
picture before liver therapy unobtainable; 
treatment inadequate 


Subjective Progressive; moderate Moderate destruction 
gliosis, most noticeable in 
the posterior columns 


subjective Progressive; appreciable Moderate destruction Blood pieture prior to liver therapy unobtain- 
gliosis in posterolateral able 
tracts 

Subjective Progressive; appreciable Moderate destruction Death from coronary disease; further improve- 
gliosis in posterior columns ment in neurologic symptoms possible had 


and right pyramidal tract patient lived longer 


Subjective; Progressive; appreciable Moderate destruction Onset at 28 years of age unusual; disappearance 
jective gliosis in posterior columns ‘ of mental symptoms shortly after liver therapy: 
and right pyramidal tract death from meningitis secondary to sinusitis 


Subjective; Progressive; appreciable Moderate destruction of Blood picture normal even before liver therapy: 
bjective gliosis in posterior columns myelin sheaths; slight disappearance of Babinski signs after liver 

— of axis- therapy; death from carcinoma of the tongue 
ey 


Subjective; Progressive; appreciable Moderate destruction of Mental sympt also pi ; death from 
bjective gliosis in posterior columns myelin sheaths; slight myocardial disease 
destruction of axis- 


cylinders 


Considerable destruction Death from bronchopneumonia; apparently 
in posterior columns insufficient liver administered; limitation of 
process mostly to posterior columns, possible 
due to short duration of illness 


Subjective, 


Poor gliosis; status spon- 
slight giosus 


Subjective; Progressive; appreciable Moderate destruction of Death from paratyphoid fever 
bjeetive gliosis in posterior columns myelin sheaths; slight 
destruction of axis- 


cylinders 


Babinski sign disappeared after liver therapy. In patients 6 and 8 the 
mental symptoms cleared up shortly after liver therapy was instituted. 
Histopathologic Evaluation ——In patients 1, 2, 3, 4 and 5 the histo- 
pathologic process involved the posterolateral columns of the cord as in 
the usual cases of subacute combined degeneration (fig. 1 4, B and C) 
in patients moderately treated with liver. In patient 5, although the 
changes were present in the posterolateral columns, the right pyramidal 
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Fig. 1—A, transverse section of the spinal cord showing involvement of the 
posterolateral tracts; B, longitudinal section of the same cord as that from which 
the section in A was taken. Myelin sheath stain. C, longitudinal section dis- 
closing gliosis in the posterolateral tracts. L, indicates lateral tracts; P, 
posterior columns. Notice that the gliosis is most pronounced in the posterior 
columns. The patient in this case was moderately treated. Holzer stain. 
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tract was affected more than the left (fig. 2). In these 5 patients there 
was moderate gliosis (fig. 3.4 and B) in the involved pathways, as found 
in the previously reported cases of 7 patients who were treated with liver ; 
the gliosis, however, was most pronounced in the posterior columns (figs. 
2C and 3 A), a condition which was best noted in the longitudinal sec- 
tions. The destruction of the myelin sheaths and axis-cylinders (fig. 4 4 
and B), although not as extensive as in the untreated patients, differed 
little from that in the 7 treated ones just mentioned. It seemed to me, 
however, that the destruction of the myelin sheaths and axis-cylinders 
was less extensive. As it was difficult to evaluate this difference with 
certainty, these 5 patients are placed in the same group as the 7 whose 
cases were previously reported.® 

In patients 6 and 9 the pathologic process was limited to the pos- 
terior columns and slightly to the right pyramidal tract (fig. 5 4 


Fig. 2 (case 5).—Transverse sections through the thoracic region disclosing 
appreciable involvement of the posterior columns and slight involvement of the 
pyramidal pathways, on the right more than on the left; myelin sheath stain. 


and B). Out of 17 cases* of subcaute combined degeneration of 
the spinal cord, in 10 of which the patients were not treated with liver 
and in 7 only partially treated with liver, there was limitation of the 
pathologic process to the posterior columns in only 1 instance. The 
patient in this case lived only for eight months after the onset of the 
pernicious anemia. Had he lived longer, the pathologic process most 
likely would have spread to the pyramidal tracts. The gliosis in patient 
6 was noticeable in the posterior columns and in the right pyramidal 
tracts. There was moderate destruction of myelin sheaths and axis- 
cylinders. The onset of the illness in this patient (patient 6), at the age 
of 28, was unusual. The patient died at the age of 35, after meningitis 
secondary to sinusitis. In patient 9 there was poor gliosis (fig. 6), and 
the myelin sheaths and axis-cylinders showed considerable destruc- 
tion. The process in this patient differed little from that in the untreated 
ones. The duration of the illness was only nine months; the patient 
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; Fig. 3—A, transverse section of the spinal cord. Notice the appreciable 
gliosis in the posterior columns and the moderate gliosis in the right pyramidal 
tract. Holzer stain. B, longitudinal section of the spinal cord through the posterior 
and lateral columns. Notice the appreciable gliosis of the posterior columns and 
the moderate gliosis of the right pyramidal tract. There is a small area of gliosis 
in the left pyramidal tract. L, indicates lateral tracts; P, posterior columns. 
Holzer stain. 
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died of bronchopneumonia. Apparently it takes a long period of liver 
therapy to affect the glia, i. e., to lead to glial proliferation. The short 
duration of the illness in the case of patient 9 possibly accounts for the 


Fig. 4.—A, longitudinal section through the involved pathways showing destruc- 
tion of some of the myelin sheaths. Others appear well preserved. The patient 
received liver therapy, but not in adequate quantities. Myelin sheath stain; x 154. 
B, destruction of axis-cylinders, fragmentation, swelling and corkscrew appearance. 
rhis section is from the same patient as that shown in figure 4.4. Bielschowsky 
stain; xX 308. 
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limitation of the pathologic process to the posterior columns and the 
slight involvement of one pyramidal tract. 

In patients 7, 8 and 10 the pathologic process was limited to the 
posterior columns (fig. 7A and B). The gliosis in these 3 patients was 
considerable (fig. 8) and was present only in the affected pathways, 


Fig. 5 (case 6).—A, transverse sections of the spinal cord through various 
segments showing slight demyelination of the posterior columns and the right 
pyramidal tract. The patient showed improvement in objective neurologic signs. 
Myelin sheath stain. B, longitudinal section through the posterolateral columns, 
showing involvement of the posterior columns and right pyramidal tract. The 
destruction of the pyramidal tract is less extensive than that of the posterior 
columns. L, indicates lateral tracts; P, posterior columns. Myelin sheath stain. 
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that is, in the posterior columns. All these patients showed moderate 
destruction of the myelin sheaths and only slight destruction of the axis- 
cylinders (fig. 9A and B). The degree of destruction is best demon- 
strated when compared with that of the myelin sheaths and axis-cylinders 
in the less adequately treated patients (fig. 4.4 and B). The liver 
therapy was most effective in these 3 instances and led to limitation of 
the process to the posterior columns, appreciable gliosis, moderate 
destruction of the myelin sheaths (fig. 9.4) and only slight swelling of 
the axis-cylinders (fig. 9B). In only this type of condition can one 


Fig. 6 (case 9)—Notice the honeycomb appearance and the poor gliosis in the 
posterior columns and the right pyramidal tract. The left pyramidal tract also 
showed a slight honeycomb appearance. The patient received adequate liver 
therapy, but he died nine months after the onset of the illness, of bronchopneumonia. 
Holzer stain. 


expect improvement in the objective neurologic signs. The improve- 
ment is essentially the result of only slight destruction of the axis- 
cylinders and the prevention of their further disintegration by the ade- 
quate administration of liver. As already indicated in a previous 
communication, the gliosis could not in any way restore normal function. 
Disease of the myelin sheaths, however, may affect the axis-cylinders and 
cause them to swell through irritation. The adequate administration 
of liver will also remove the disintegrating products and thus prevent 
further irritation of the axis-cylinders. 
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Fig. 7—A (case 8), transverse sections of the spinal cord through various 
regions, showing demyelination of the posterior columns. The pyramidal pathways 
are spared. Myelin sheath stain. B (case 10), transverse section of the spinal cord 
showing demyelination of the posterior columns only. The pyramidal pathways 
are spared. Myelin sheath stain. 


8; 
A 
~ 
| 


DAVISON—ANEMIA WITH CORD DEGENERATION 485 


FACTORS INFLUENCING IMPROVEMENT IN THE NEUROLOGIC 
SYMPTOMS AND CHANGES IN THE AFFECTED PATHWAYS 


The improvement in the neurologic signs and symptoms, as already 
stressed by me in a previous communication, as well as by others, may 
be the result of severai factors. It may be due to the amelioration of 
the general condition, coincident with the disappearance of the anemia, 
i. e., With the improved circulation. Another, and possibly the most 
important, factor in the improvement of the neurologic signs and symp- 
toms is that adequate liver therapy reduces or destroys the hypothetic 


| 


Fig. 8 (case 10).—Transverse section of the spinal cord showing dense gliosis 
in the posterior columns. Notice that the crossed pyramidal tracts are normal. 


Holzer stain. 


toxin that affects the myelin sheaths and axis-cylinders. From the obser- 
vations in this series, it appears that the myelin sheaths are the first 
to be attacked. At first they become swollen, and later they disintegrate. 
Finally the axis-cylinders are attacked. By the early administration of 
liver extract, parenterally, cessation and reduction in the swelling of the 
myelin sheaths can be achieved. Thus further involvement or complete 
destruction of the axis-cylinders can be prevented. Once the axis- 
cylinders in the involved pathways are destroyed, their regeneration is 
problematic. This undoubtedly is the reason for the difference in the 
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improvement of the myelin sheaths and axis-cylinders (fig. 9 A and B) in 
this series of adequately treated patients and that in the group of patients 
previously reported on (fig. 4 A and B) who were less adequately treated. 


Fig. 9.—A, longitudinal section through the involved posterior columns of the 
cord from an adequately treated patient, showing moderate destruction of the 
myelin sheaths. Compare this section with that from the cord of a moderately 
treated patient shown in figure 4A. Myelin sheath stain; x 154. B, longitudinal 
section (similar to that in A) through the involved posterior columns showing 
preservation of the axis-cylinders except for occasional swelling. Compare this 
with the section of the cord from a moderately treated patient shown in figure 4 P. 
Bielschowsky stain; x 308. 
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Some clinicians interested in pernicious anemia and its neurologic 
complications are under the impression that regeneration of the axons 
of the involved pathways in subacute combined degeneration of the cord 
may take place in a manner similar to regeneration of axons in the 
peripheral nerves. It is true that by the new methods of neurofibrillar 
study it has been demonstrated that the production of new fibers, clubs, 
cones and ramified axons may occur in various lesions of the spinal cord 
of man and animals. These findings, while they demonstrate signs of 
repair comparable in principle with those of the central stump of the 
peripheral nerves, do not contradict the conception of the impossibility 
of complete regeneration of axis-cylinders in the spinal cord. These 
later investigations have also demonstrated that after a certain length of 
time the restoration of the axon in the spinal cord stops, that the axon 
atrophies and that finally the nerve sprouts break down completely. On 
the basis of these findings, it can hardly be expected that destroyed 
axis-cylinders in the spinal cord should regenerate. 

The intense gliosis or glial productivity (figs. 3B and 8) of the 
involved pathways in treated patients, in contrast to the poor gliosis 
seen in untreated patients,* is probably caused by a reduction either in 
the amount or in the strength of the hypothetic toxin. The limitation 
of the pathologic process to the posterior columns in some of these 
patients and the lessening of the pathologic changes in the pyramidal 
pathways in other patients may be explained on the same basis. 

In view of these findings, it may be concluded that in cases of 
subacute combined degeneration there may be an improvement in the 
neurologic signs and symptoms provided that the myelin sheaths and 
axis-cylinders are not severely affected. Early administration of liver, 
preferably parenterally and in adequate quantities, may arrest the process 
in the involved myelin sheaths and axis-cylinders and may restore the 
function of the axis-cylinders provided they are not completely destroyed. 
The sooner this treatment is instituted after the onset of the neurologic 
signs and symptoms, the greater are the chances for these signs and 
symptoms to disappear. Furthermore, the early administration of 
adequate liver therapy not only may arrest or offset the progression 
of subacute combined degeneration of the cord but may also completely 
prevent this condition from becoming a complication of pernicious 
anemia, as shown by Strauss and his associates in a series of 80 cases. 


SUMMARY 
The cases of 10 patients who had pernicious anemia with subacute 
combined degeneration of the cord and who received liver therapy were 
studied clinically and histologically. 
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The subjective neurologic symptoms improved in all cases except 1. 
Improvement in the objective neurologic signs was observed in only 
3 cases. 

The pathologic process in these instances was not as noticeable and 
the myelin sheaths and axis-cylinders were not as extensively destroyed 
as in cases of untreated or mildly treated patients. In 5 of these 10 cases 
the degeneration, instead of involving the posterolateral tracts, was 
limited to the posterior columns and rarely invaded the pyramidal path- 
ways. Even in the other 5 cases the pathologic changes were most 
marked in the posterior columns. In all instances there was a progres- 
sive glial change (gliosis) which was most pronounced in the posterior 
columns. This type of gliosis was not observed in patients with sub- 
acute combined degeneration who did not receive liver therapy. 

By the early administration of adequate liver extract parenterally, 
cessation and reduction in the swelling of the myelin sheaths can be 
accomplished, thus preventing further destruction of the axis-cylinders. 
The function of the axis-cylinders can thus be restored, provided they 
are not completely destroyed. This form of treatment also induces 
glial productivity. 
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CHRONIC NONLEUKEMIC MYELOSIS 


REPORT OF A CASE WITH MEGAKARYOCYTIC MYELOID SPLENOMEGALY, 
LEUKOERYTHROBLASTIC ANEMIA, GENERALIZED OSTEO- 
SCLEROSIS AND MYELOFIBROSIS 


GURTH CARPENTER, M.B., M.R.C.P 
AND 
C. M. FLORY, M.D. 


CHICAGO 


This report concerns a case in which were presented generalized 
diffuse osteosclerosis, generalized fibrosis of the bone marrow, an arrest- 
ing erythroleukoblastic blood picture with numerous “atypical platelets” 
and primitive cells with megakaryocytoid characteristics and spleno- 
megaly characterized by myeloid metaplasia in which megakaryocytes 
were numerous. This case is unique in presenting the association of 
such advanced changes in blood and bone. 

The French authors, Emil-Weil and Clerc,’ in 1902, and Vaquez 
and Aubertin,? in 1904, first discussed a syndrome characterized by 
splenomegaly due to myeloid change and a leukemia-like blood picture. 
which they suggested showed clinical and pathologic differences from 
leukemia proper (leukemic myelosis). Since then the reports of 
approximately 70 cases have been contributed in which are recognized 
certain common characters of this polymorphic, leukemia-like syndrome. 
Usually there is hepatosplenomegaly due to myeloid metaplasia in which, 
in addition to leukoblastic cells, erythroblasts are constantly prominent 
and giant cells (megakaryocytes) are numerous. The blood picture dis- 
plays widely varying conditions, from a rare initial polycythemia to 
varying grades of anemia, usually normochromic but occasionally hyper- 
chromic ; nucleated red cells have been prominent in all but a few cases, 
and the white cell count ranges from that characteristic of leukopenia 
with few, or no, primitive cells to over 100,000 cells with many leuko- 
blastic forms. Changes in the bone marrow have ranged from hyper- 
plasia to hypoplasia with intense fibrosis and sclerosis of bone. The 
principal features which have been held to differentiate this syndrome 


From the Douglas Smith Foundation in the Department of Medicine, and 
the Department of Pathology, the University of Chicago. 
1. Emil-Weil, P., and Clerc, A.: La splénomégalie chronique avec anémie 
et réaction myéloide du sang, Semaine méd. 22:373, 1902. 
2. Vaquez and Aubertin: Nature de l’anémie splénique myéloide, Compt. 
rend. Soc. de biol. 56:792, 1904. 
489 


4: 


490 ARCHIVES OF INTERNAL MEDICINE 


from leukemic myelosis (myelogenous leukemia) are the diversity of 
cell types in metaplastic organs and in the bone marrow, the commonly 
low white cell count with the low proportion of circulating primitive 
cells and the almost constant presence of nucleated red cells, the fre- 
quency with which osteosclerosis and myelosclerosis are encountered 
and the absence of characteristic leukemic infiltrations. 

These various arresting characteristics have led to the reporting of 
cases under a wide variety of names, such as myeloid splenic anemia 
( Vaquez and Aubertin,? 1904), atypical myeloid leukemia (Hirschfeld,° 
1905), aleukemic myelosis (Hirschfeld,* 1914), osteosclerotic pseudo- 
leukemia ( Pastore,’ 1922; Wolf,® 1932), chronic nonleukemic myelosis 
(Mavros,’ 1931; Hickling,* 1937), megakaryocytic myeloid spleno- 
megaly (Emil-Weil and associates, 1933 and later), myelosclerosis 
( Vaughan,'® 1936) and leukoerythroblastosis (McMichael and McNee,”’ 
1936). 

We realize that secondary myeloid metaplasias and leukoerythro- 
blastic anemias which accompany the destruction of bone marrow may 
also be termed nonleukemic myelosis, but we are not here concerned 
with the manifestly symptomatic metaplasias, and hereafter for the 
purposes of this paper we shall use the name “nonleukemic myelosis” 
to designate specifically the aforementioned syndrome. The full discus- 
sion of its wide ramifications would make a more extensive paper than 
is in order here; reference should be made to the communications of 
Hickling,* of Vaughan and Harrison ** and of Downey and Nordland.** 


3. Hirschfeld, H.: Ueber atypische Myeloidwucherung, Folia haemat. 2:665. 
1905. 

4. Hirschfeld, H.: Die generalisierte aleukamische Myelose und ihre Stellung 
im System der leukamische Erkrankungen, Ztschr. f. klin. Med. 80:126, 1914. 

5. Pastore, S.: Pseudoleukemia e osteosclerosi, Policlinico 29:595, 1922. 

6. Wolf, C.: Ueber einen Fall von osteosklerotischer Pseudoleukamie, Beitr. 
z. path. Anat. u. z. allg. Path. 89:151, 1932. 

7. Mavros, A.: Aleukamische, besser nichtleukamische, Myelose mit Osteoskle- 
rose, Folia haemat. 43:323, 1931. 

8. Hickling, R. A.: Chronic Non-Leukemic Myelosis, Quart. J. Med. 6:253, 
1937. 

9. Emil-Weil, P.; Chevalier, P., and See, G.: Splénomégalie myéloide 
mégacaryocytaire amyélocythémique, Sang 7:773, 1933. 

10. Vaughan, J. N.: Leuco-Erythroblastic Anemia, J. Path. & Bact. 42:541, 
1936. 

11. McMichael, J., and McNee, J. W.: Leuco-Erythroblastosis, Edinburgh M. 
J. 43:303, 1936. 

12. Vaughan, J. M., and Harrison, C. V.: Leuco-Erythroblastic Anaemia and 
Myelosclerosis, J. Path. & Bact. 48:339, 1939. 

13. Downey, H., and Nordland, M.: Myeloid Megakaryocytic Hepato- 
Splenomegaly, Folia haemat. 62:1, 1939. 
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REPORT OF CASE 


Protocol—A. S., a 33 year old Swedish-American man, employed as clerk, 
was admitted Sept. 9, 1936 to the Albert Merritt Billings Hospital of the University 
of Chicago. 

He had had a healthy childhood and adolescence. He had lobar pneumonia 
at the age of 21; at 25 he was told he had albuminuria and “bad kidneys,” 
but he had never received treatment for this condition. There was no knowledge 
of exposure to benzene or fluorides or use of aminopyrine or of gold salts. 

A sister who died of pulmonary tuberculosis was in contact with the patient 
in his childhood. The family history was otherwise not significant. 

In March 1936 the patient noticed dull, aching pains in the back, arms and 
legs, which he dismissed as rheumatism. He began to experience a feeling oi 
weight in the abdomen after meals, and constipation became severe. The abdomen 
began to protrude, and there was intermittent pain in the left upper quadrant. By 
September 1936, when he entered the hospital, he had lost 25 pounds (11.3 Kg.) 
in weight. He had a noticeable general pallor and was in a moderate state oi 
subnutrition. The abdomen was extremely protuberant, and a large mass, identi- 
fied as the spleen lay in the left hypochondrium, reaching the umbilicus. There 
was slight rubbery enlargement of the inguinal lymph nodes, but no other nodes 
were palpable. Extreme tenderness of the sternum was noticed on pressure, but 
there was no tenderness of other bones. Other findings were within normal limits. 

The blood counts during the course of the illness are recorded in the table. In 
November 1936 the spleen was removed. In the year following splenectomy a 
leukemoid blood picture developed. Between 1936 and his death in 1939 the 
patient was admitted to the hospital seven times, each time with low grade fever 
and each time complaining bitterly of pain in the limbs, which he spoke of as 
“rheumatism.” Throughout 1938 and 1939 progressive enlargement of the liver 
was noted. In these years there were many episodes of epistaxis and bleeding 
irom the gums and some petechial hemorrhage. At the patient’s terminal admission 
to the hospital his condition was marked by high fever associated with tachycardia 
and by dyspnea. Cough, cyanosis and production of sputum were not noticed. At 
various times liver, iron, arsenic and vitamin preparations were administered, 
without apparent effect. In all, twenty-two blood transfusions were given. A 
single course of high voltage roentgen therapy, with a total dose of 600 r, was 
given over the spleen shortly before its removal. 

Laboratory data are as follows: The urine in 1936 was clear; in 1938 and 1939 
it showed a moderate amount of albumin and contained granular and hyaline casts. 
The serum agglutination tests in 1936 gave negative results for the typhoid, 
dysentery and brucella groups. The sedimentation rate in 1936 and 1939 was 
extremely rapid (uncorrected). The roentgenograms in 1936 showed normal long 
bones; in 1939, six months before his death, they showed the long bones to be 
essentially normal, but with irregular and coarse trabecular patterns at the lower end 
of the femur and the upper end of the tibia. The fragility of red cells in 1936, 
1937 and 1939 was within normal limits (determined by Sanford’s method). 
Sternal puncture was attempted four times between 1936 and his death in 1939, 
and on each occasion the results were “unsatisfactory,” for reasons not stated 
but probably connected with the unsuspected osteosclerosis. No chemical studies 
of the blood were made. 

Death occurred on July 22, 1939. The primary clinical diagnosis was myelo- 
blastic-megakaryoblastic leukemia, and the secondary diagnosis, myelophthisic 
anemia. 
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Blood Picture-—-The progress of the peripheral blood picture was followed 
through three years and fell into three phases: (1) the leukopenic phase, occurring 
before splenectomy, (2) the leukemoid phase, occurring after splenectomy, and 


(3) the terminal “aplastic” phase. 
Characteristic counts are recorded in the table appended. Till the advent 
of the “aplastic” phase the red cell count remained fairly constantly in the region 


Fig. 1—Sternum; x 30; Mallory’s connective tissue stain. The trabeculae are 
numerous and dense. The marrow cavity is filled with fibrous tissue. 


of 2,500,000, with normochromic cells. Polychromasia, anisocytosis and occasional 
poikilocytosis were present throughout the illness. Occasional macrocytes were 
seen during all phases. The predominant nucleated red cell was the normochromic 
normoblast, but polychromatic normoblasts and macronormoblasts were not rare. 
At varying times, individual erythroblasts of every degree of immaturity were 
encountered. 
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The small adult megakaryocyte of the Dominici type was present from the 
very earliest stages of the disease. It appeared in films early in the course as a 
dense, pyknotic nucleus, often ovoid, surrounded by adherent and partially detached 
typical platelets. Frequently such nuclei were seen entirely devoid of cytoplasm, 
and in the differential counts these have been recorded among “degenerate cells.” 
These small adult megakaryocytes increased considerably in the days immediately 
following splenectomy and remained prominent even in the “aplastic” phase. 
In the leukemoid phase typical myeloblasts increased greatly in proportion, as 
did their typical granular derivation forms (myelocytes and promyelocytes were 
grouped together in the counts). 

A considerable proportion of cells with typical myeloblastic nuclei had atypical 
protoplasm. This took the form of “ameboid” extensions from the periphery of 
the cell, of such nature as to lead to the conclusion that they were one of the 
sources of “atypical platelets.” The cytoplasm of some such cells with typically 
myeloblastic nuclei showed division into an inner zone of foamy material and an 
outer zone of clear protoplasm, an arrangement suggestive of the chromoplasm and 
hyalomere of the typical platelet. 

Of the greatest interest were the precursory forms of megakaryocytes, the 
megakaryoblasts and the promegakaryocytes. These were identified as such in 
accordance with the descriptions of Downey and Nordland.1* Metamorphic forms 
made apparent the derivation of the megakaryoblast from the myeloblast. The 
megakaryoblast had in general the same structure as the myeloblast, but the 
nucleus was considerably more acidophilic, the nuclear membrane more defined 
and the chromatin arranged in definite strands with a reticulate pattern, rather 
than in the diffusely stippled manner of the myeloblast; the cytoplasm was dis- 
stinctly more basophilic than that of the myeloblast. Occasionally, small ameboid 
projections radiated from the cell margin, but generally the cytoplasm of these 
cells was not abnormal. The nucleus of the promegakaryocyte had greater aggre- 
gations of chromatin into spheroid or ellipsoid masses interconnected with strands 
than the megakaryoblast had, and the chromatin was much denser. One or 
more elliptic nucleoli might be present, but were frequently obscured in the mass 
of chromatin. The cytoplasm of these cells varied greatly. Occasionally it was 
represented by a diffuse, slightly foamy plasm, which might or might not contain 
a few azurophilic granules. Frequently it was zoned into an outer clear plasm and 
an inner foamy area in which azurophilic granules suggestive of Schridde’s granules 
were present in varying numbers. From these cells many protoplasmic masses 
with the same varied structure as the “atypical platelets” were evidently in various 
stages of detachment. 

It was clear that the myeloblast-megakaryoblast-promegakaryocyte series of 
cells was the sole source of the extraordinary numbers of atypical platelets and 
that small megakaryocytes gave origin to the great numbers of typical platelets. 
As seen in the plates, the great numbers of “atypical platelets” in the blood smears 
were arresting. Their size and refractory qualities made white cell counts difficult. 
The justification for the term “atypical platelets” lay in the fact that such bodies 
were seen to be derived only from the series precursory to megakaryocytes and 
never from cells established in the granular cell or the lymphocyte series. All 
the forms of abnormal platelets described at length by Downey and Nordland 
in their case were here reproduced, in somewhat greater numbers. They fell 
largely into three types: (1) platelets with a mass of clear cytoplasm ranging 
in size up to that of the myeloblast, (2) platelets with a mass of similar variant 
size with clear peripheral cytoplasm (hyalomere) and foamy central plasm 
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(chromoplasm) which for the most part was agranular, but which occasionally 
showed multiple small granules of the Schridde type and (3) platelets of typical 
structure but giant size, often with irregular, extended forms. Types 1 and 2 
were frequentiy vacuolated. Rarely, a platelet mass of type 2 contained a delicate 
ring structure, which suggested the appearance of a retained nuclear membrane 


Fig. 2—Lumbar vertebra; x 135; Mallory’s connective tissue stain. The 
marrow spaces are filled with fibrous tissue. Near the vein with a normal wall a 
few myeloid cells are seen. 


within a degenerating cell but remained unexplained. A few abnormal platelets 
were present before splenectomy, but they increased greatly immediately thereafter. 
In the terminal “aplastic” phase they largely disappeared. 


The Spleen—The study of this organ was made on the specimen removed 
surgically. A description of this organ at the time of removal was not available. 
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Advanced changes had occurred in the specimen which had been preserved in 
Kaiserling’s solution. The estimated weight was 3,000 Gm. Sections embedded in 
paraffin were stained with hematoxylin and eosin, Mallory’s connective tissue stain, 
the hematoxylin-eosin-azure stain, Giemsa’s stain and also with stains specific 
for reticulum and for iron. Smears taken from the cut surface of the spleen at 
the time of operation and stained with Wright’s stain were also available. 

The splenic capsule was normal and the trabeculae few. The connective tissue 
showed a normal amount of reticulum and collagen. There were no areas of hemor- 
rhage or fibrosis. The blood vessels were normal. The malpighian corpuscles 
were far apart. They were normal in size and cellular content. Highly cellular 
red pulp comprised nearly us entire splenic mass. The majority of the cells 
were myeloid in type. All stages of erythropoiesis were seen, with abundant 
normoblasts. Eosinophilic myelocytes and metamyelocytes were prominent. Many 
neutrophilic myelocytes were also seen. In the cords of Billroth, and less commonly 
in the sinusoids, were huge cells with polymorphous, multilobulate nuclei having 
a high content of chromatin. These were typical megakaryocytes as found in bone 
marrow. Attempts to stain granules in these cells were not successful. Several 
such cells were present in most low power fields. Many smaller cells with simple 
nuclei but with megakaryocytic characteristics were also identified. No evidence 
could be obtained from the sections as to the derivation of these large cells. The 
splenic sinusoids were dilated. The cells lining their walls were cuboidal and often 
lay free in the sinusoids. Many sinusoids contained myelopoietic cells. Some splenic 
macrophagocytes had taken up iron. No erythrophagocytosis was seen. 

In the smears taken at the time of operation from the cut splenic surface and 
stained with Wright's stain, all stages of erythroblasts were seen. Myeloblasts 
were extremely numerous. Granular derivation forms of every type were also 
numerous. Eosinophilic granulocytes were not as prominent as in the sections. 
Lobulate megakaryocytes of the type found in bone marrow were common. 
Extremely numerous was the small adult type of megakaryocyte with ovoid or 
spheroid nuclei. Frequently, two or three such nuclei were seen embedded in a 
mass of platelets. Here, as in the peripheral blood, it was easy to discern mega- 
karyoblasts and promegakaryocytes and to follow their derivation from the myelo- 
blasts. Vast numbers of typical platelets were seen, and there were also many 
protoplasmic masses of the same nature as those in the blood smears. It was 
not possible to state that these masses were derived from any one type of cell. 


Necropsy Observations—Autopsy was performed three hours after death. The 
body was moderately emaciated. Pallor was generalized, and the skin was slightly 
yellowish. A well healed splenectomy scar was the only external abnormality. 
Thorax: The pleural cavities contained a few fibrous and fibrinous adhesions. The 
right lung weighed 990 Gm. and the left 960 Gm. Densely and uniformly scattered 
throughout both lungs were hard, grayish nodules, 1 mm. in diameter. The heart 
was normal. The great and medium vessels showed a minimum amount of sclerosis. 
Abdomen: The liver extended 12 cm. below the costal margin. It weighed 4,400 
Gm. The triads were grayish white and prominent. The hepatic tissue about the 
central vein was deep brown. The gallbladder, bile ducts and pancreas were normal. 
No accessory spleen was found. The gastrointestinal tract was normal except for 
marked fibrosis of the appendix. The left kidney weighed 270 Gm. and the right 
290 Gm.; both showed moderate cloudy swelling. The ureters and bladder and the 
prostate gland were normal. 

Endocrine Glands: The thyroid was normal. One parathyroid was seen, which 
had the usual appearance; the others were not found. The thymus was atrophied. 
The adrenal glands were poor in lipoids but showed no other gross abnormality. 
The testes were normal. 
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Lymph Nodes: In the cervical region were a few firm lymph nodes, 0.5 
cm. in diameter. Each axillary and inguinal region contained one or two firm, 
discrete nodes, 2 by 1 by 1 cm., displaying firm white tissue when cut. The tracheo- 
bronchial lymph nodes were slightly enlarged, but their cut surfaces were wet 


Fig. 3.—Spleen; x 1,075; Maximow’s hematoxylin-eosin-azure stain. Lying in a 
cord of Billroth are discernible three megakaryocytes with multilobulate nuclei 


(1) and two similar cells with simple spheroidal nuclei (2). Groups of erythro- 
blasts (3) and myeloid cells (4) are distinguished. 


and anthracotic. Nodes in the porta hepatis and the peripancreatic nodes were 
slightly enlarged and contained areas of firm white tissue. 

Skeleton: The sternum, ribs, vertebrae and left midfemur were externally 
normal. In the short bones the cortex was of normal appearance, but the trabeculae 
were much denser than normal and the marrow spaces, thereby much reduced, 
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were filled with firm white tissue. The cortex of the femur appeared normal, but 
the central cavity was completely filled in by many trabeculae and the marrow 
replaced by firm white tissue. The bones were not more extensively examined, 
as the full significance of these changes was not immediately recognized. 

Histologic Observations—The bone marrow, lymph nodes and liver were 
fixed in a mixture of solution of formaldehyde U. S. P. and Zenker solution, and 
other tissues, separately in Zenker’s solution and in solution of formaldehyde 
U. S. P. All the tissues were embedded in pyroxylin and stained with hematoxylin 
and eosin. Sections of the bone marrow were stained with Maximow’s hematoxylin- 
eosin-azure stain, Mallory’s connective tissue stain, a stain specific for iron and 
Foot’s reticulum stain. Ziehl-Neelsen’s acid-fast stain was used for the tubercle 
bacilli. 

Bone Marrow: Sections were made from the sternum, the ribs, the lumbar 
vertebrae and the medulla of the left midfemur. The periosteum and the cortex 
of the sternum, the ribs and the vertebrae were of normal thickness. The cortex 
of the femur appeared grossly normal but was not preserved for sectioning. The 
trabeculation of the marrow cavities was heavy. This was most distinct in the 
ribs, where more than two thirds of the marrow spaces were replaced by bony 
trabeculae. In the marrow of the sternum and of the lumbar vertebrae the trabeculae 
were much denser than normal. Trabeculation in the marrow of the left midfemur 
was least dense, but still many trabeculae were displayed. In all these bones some 
new bone was forming about the trabeculae and in the marrow cavities. No 
osteoclasts were seen. No normal marrow was seen. In all the spaces of the 
marrow was a fibrous tissue, composed largely of fine, densely packed strands of 
collagen, which stretched directly from one trabecula to the next, attaching itself 
directly to the new bone surrounding the trabeculae. In this fibrous tissue were 


‘a few strands of reticulum. The blood vessels were normal in size and number. 


In the marrow of the ribs and the lumbar vertebrae there were no fat cells; in 
the marrow of the sternum a few were present. In the marrow of the femur fat cells 
had the appearance of being replaced by new fibrous tissue and trabeculae. In all 
the bones examined, myeloid tissue was rarely seen in a low power field. In each 
section examined there were one or two extremely smali areas in which foci of 
myeloid cells remained, lying between the strands of connective tissue. In these 
areas were many erythroblasts, many eosinophilic myelocytes and metamyelocytes, 
many neutrophilic myelocytes and metamyelocytes, a few megakaryocytes and a 
few cells with basophilic cytoplasm and a large nucleus having the appearance of 
myeloblasts. In a section of the marrow of the femur a small tubercle was seen. 

Thus, the dominant features of the bones were (1) increased trabeculation 
with the apposition of new bone (osteosclerosis), (2) fibrosis of the bone marrow 
(myelofibrosis) and (3) intense hypoplasia of the myeloid tissue. 

Lymph Nodes: The enlarged axillary lymph nodes showed large areas of 
caseonodular tuberculosis, in which a few acid-fast bacilli could be found. The 
peritracheal and the peribronchial nodes were hyperplastic. In their sinuses were 
macrophages, a few polymorphonuclears and a few multinucleated giant cells. These 
giant cells resembled megakaryocytes, but they may conceivably have been atypical 
giant cells of tuberculosis. The abdominal lymph nodes were slightly enlarged 
and contained a few miliary tubercles. Elsewhere in these nodes were a few 
polymorphonuclears, a few eosinophilic leukocytes and a few nucleated red cells. 
No other lymph nodes showed any evidence of myelopoiesis. 
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Lungs and Bronchi: Throughout the lungs was widespread miliary tuberculosis 
accompanied by early caseation ; many acid-fast bacilli were present in the tubercles. 
The general cellular reaction was poor. No megakaryocytes, or fragments of 


Fig. 4.—Blood smear, leukemoid phase; x 1,000; Wright’s stain. Numerous 
atypical platelets are present. One contains a ring formation (1). Five normoblasts 
are seen. The typical myeloblast contains several nucleoli (2). Another cell has 
a nucleus of myeloblastic type, containing a single nucleolus, but the cytoplasm 
displays zones, the outer clear, the inner foamy (3). The promegakaryocyte nucleus 
has marked chromatin aggregation (4). Two small megakaryocytes have frag- 
mentary granular cytoplasm (5), and numerous naked nuclei of small adult 
megakaryocyte type are present (6). 
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these cells, were recognized in the capillaries of the lung. The bronchi showed 
slight chronic bronchitis. 

Liver: Concentrated about the portal triads were many cell-poor, caseating 
miliary tubercles. Occasional acid-fast bacilli were found. There was some chronic 
passive congestion. Stains specific for fat showed minimal fatty degeneration 


Fig. 5.—Blood smear, leukemoid phase; x 1,300; Wright’s stain. Present are a 
myeloblast (1), a myelocyte (2), two small adult megakaryocytes (3) and a 
naked nucleus of small megakaryocyte type (4). 


of the hepatic cells. Specific stains showed moderate amounts of iron in the 
hepatic cells and in a few Kupffer cells. About many of the portal triads were 
lymphocytes and a few macrophages. No myelopoiesis was discerned. 

Adrenal Glands: In the parenchyma of the right adrenal gland were a few 
miliary tubercles. The connective tissues in and about the gland were not increased. 
In the medulla were focal areas of myelopoiesis. 
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* Other Organs: The appendix showed fibrosis and slight neurinomatous pro- 
liferation. The stomach showed slight infiltration of the submucosa with lympho- 
cytes. The kidneys showed no myeloid tissue, and there were no megakaryocytes, or 
iragments thereof, in the glomerular tufts. All other organs were normal and 
showed no myelopoiesis. There were no changes in the single parathyroid removed. 

The anatomic diagnosis was as follows: generalized osteosclerosis; general- 
ized myelofibrosis; generalized aplasia of the bone marrow; myeloid metaplasia 
of the surgically removed spleen and of the adrenal glands; generalized anemia; 
generalized miliary tuberculosis with massive acute miliary tuberculosis of the 
lungs and the liver and scattered miliary tubercles in the adrenal glands, the 
pancreas, the abdominal lymph nodes and the bone marrow; caseonodular tuber- 
culosis of the axillary lymph nodes; chronic appendicitis; bilateral fibrous and 
fibrinous pleurisy, and a minimal amount of arteriosclerosis. 


COMMENT 


This case is unique in that in no previous case of this syndrome has 
there occurred the combination of the leukemoid blood picture with the 
atypical platelets, together with generalized osteosclerosis and myelo- 
fibrosis. In no other case does there seem to have been a terminal 
leukopenic phase following so high a white cell count. 

In our case the blood picture during the phase after splenectomy, 
when the white cell count was high, was closely similar to that in the 
case reported by Downey and Nordland (1939), and evolutionary 
changes similar to those reported by them marked the production of 
the megakaryocytic series from the myeloblasts. We were also able to 
observe this derivation in smears from the spleen, but in our sections 
of the spleen we were not convinced that we could follow this evolu- 
tionary sequence; Downey and Nordland, however, in sections of the 
spleen saw development of megakaryocytes from “basophilic lymphoid 
hemocytoblasts.” It was clear, in our case, that the abnormal platelets 
were derived solely from the megakaryocyte series, and never from cells 
established in the granular cell or lymphocyte series. This fact is 
regarded as justifying the term “atypical platelets” and indicates the 
identification of these masses as different from that of the multiple 
irregular protoplasmic masses which may be seen in leukemic myelosis. 
While leukemoid blood pictures with high white cell counts and many 
primitive cells have been present in about half the recorded cases, blood 
pictures of the type here presented have been few. Dubinskaja** gave 
an incomplete description of the alleged megakaryoblasts seen in the 
case which she reported and mentioned the presence of highly unusual 
platelet forms. Megakaryocytes “in small numbers” were seen by 
Hickling in 6 of the 7 cases he reported, but he gave no description of 


14. Dubinskaja, B.: Ueber die Riesenzellenformen der Myelose, Virchows 
Arch. f. path. Anat. 270:192, 1928. 
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their morphologic characteristics. Downey, Palmer and Powell ** also 
saw atypical platelets along with fragments of megakaryocytes in a case 
in which, however, they did not perform an autopsy. (The case 
described by Boros,’* in which there were apparently typical leukemic 
infiltrations, is regarded as an instance of megakaryoblastic leukemic 
myelosis. ) 

The extremely low platelet counts recorded were the possible source 
of multiple hemorrhages in the cases reported by Downey, Palmer and 
Powell and by Chapman.’* Bleeding, which occurred intermittently for 
two years in our patient, has been noted frequently (Hueck; ** Barth; '” 
Mozer ; * Assmann; *! Stephens and Bredeck; ** Downey, Palmer and 
Powell; Hickling [6 cases] ; Emil-Weil and Clerc; Hirschfeld; Mettier 
and Rusk,?* and Lindeboom **), 

In our case the red cell picture was of the normochromic type, which 
has been most frequently reported. However, the constant presence of 
macrocytes suggested a possible association with the hyperchromic, 
macrocytic type recorded by Hugonot and Sohier,** by Chapman 
(case 2), by Downey, Palmer and Powell and by Mavros. In most 
cases, as in ours, there has been a constant presence of nucleated red 
cells.“ No abnormality was demonstrated in the fragility of red cells 
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‘determmed by Sanford’s method) ; Vaughan and Harrison reported a 
slight increase in fragility in 2 cases, due possibly to abnormal thickness 
of the red cells. A temporary initial polycythemic phase was reported 
by Lehndorff and Zak,** by Stone and Woodman ** and by Vaughan 
and Harrison. 

Though proof of their different pathogenicities is lacking, osteo- 
sclerosis in which the causative agent is a chemical (e. g., cryolite) and 
the juvenile form distinguished by Reiche ** in 1915, usually known as 
Albers-Schénberg disease, are widely maintained (Schmidt *’) to be 
entities distinct from the nonfragile, less dense osteosclerosis which has 
accompanied a variety of hematologic syndromes, most commonly in 
adults, e. g., polycythaemia vera (Hirsch **), aplastic anemia (Schmidt **) 
and, far more commonly, various leukemic and leukemoid reactions. 
Reports of these last have included a few cases of alleged leukemic 
myelosis, reported earlier (Hueck, von Zahn,** Schmorl,** Schwarz,** 
and Lehndorff and Zak), the recorded histologic observations of which 
are now difficult to assess. However, the majority of the cases reported 
earlier and all those more recently reported have clearly been instances 
of the syndrome with which we are here concerned. The continuing 
paucity of instances in which osteosclerosis occurs in association with 
leukemic myelosis (myelogenous leukemia) suggests that this association 
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34. Schmorl: Leukamie mit Ausgang in Osteosklerose, Miinchen. med. 
Wehnschr. §1:537, 1904. 
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is rare, that osteosclerosis is far commoner in chronic “norleukemic 
myelosis,” and that one should view the earlier reports of the alleged 
cases of leukemia with some dubiety. 

As in the case we report, generalized osteosclerosis in “‘nonleukemic 
myelosis” has accompanied a fibrous, aplastic or severely hypoplastic 
marrow (Chapman; Mozer; Jores;** Wolf; Anagnostu; Stephens and 
Bredeck; Mettier and Rusk; Vaughan and Harrison, and Tudhope). 
Some of these authors saw islands of active myeloid tissue scattered 
between the fibrous bands. Cases such as that reported by Stone and 
Woodman and that reported by Hewer, in which osteosclerosis was con- 
fined to the lower and upper parts of the femur, respectively, indicate 
that the entire skeleton must be studied. In another group of cases the 
osteosclerotic bone contained a marrow through which a minimal excess 
of fibrous tissue was scattered but in which the remaining myelopoietic 
tissue was hyperplastic (Rathery; Askanazy ; ** Donhauser ; Zadek, and 
Hagedorn **). Severe pain, which occurred in our case, appears to be a 
frequent symptom in osteosclerosis (Hueck, Baumgarten; ** Schwarz, 
Mozer, Zadek, Mavros, Wolf, and Anagnostu). 

The bone marrow in cases of “nonleukemic myelosis” without osteo- 
sclerosis and (or) myelofibrosis has displayed a wide variety of activities, 
from hypoplasia (Firket and Campos; *° Dubinskaja, and Hickling) to 
hyperplasia (Levy; Goldschmid and Isaac; ** Barth, and Hugonot 
and Sohier). Many cases, both with and without osteosclerosis, in 
which the bone marrow has been hyperplastic have shown proliferation 
of megokaryocytes out of all proportion to that of other myeloid cells 
(Michaelis ; ** Rathery ; Askanazy ; Nauwerck and Moritz; ** Assmann, 
Goldschmid and Isaac, Hagedorn, Zadek, Hickling, and Mettier and 
Rusk). 
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A number of unique cases bear mention here, though their relation 
to “nonleukemic myelosis”’is not clear. Von Jaksch ** (the case of a 
young adult with alleged leukemia) and Oesterlin *° (the case of a child 
in which the anatomic lesions suggested the syndrome of nonleukemic 
myelosis) saw cases in which the bony apposition in the osteosclerotic 
process was principally subperiostial. Three cases of myelofibrosis in 
which there was initial polycythemia have been recorded (Stone and 
Woodman ; Vaughan and Harrison, and Lehndorff and Zak). Rosenthal 
and Bassen ** reported 2 cases of polycythaemia vera in which osteo- 
sclerotic sternal bone was apparent at biopsy, while Hirsch and 
Markoff ** have performed autopsies in cases of long-standing poly- 
cythaemia vera associated with generalized osteosclerosis. Moreover, a 
leukoerythroblastic blood picture, with or without anemia, indubitably 
occurs in polycythaemia vera more often than it has been reported (see 
references cited by Vaughan and Harrison), and, further, an abnormal 
number of megakaryocytes in the bone marrow, the circulating blood 
and other tissues has also been observed in this disease (Minot and 
Buckman *° and Freifeld.*°) These considerations have led Vaughan 
and Harrison to emphasize the possible relationship of myelosclerosis, 
megakaryocytic leukemia and polycythaemia vera. Also not yet to be 
defined is the relationship of the “nonleukemic myelosis” syndrome with 
osteosclerosis and (or) myelofibrosis in those few cases in which there 
is no myeloid metaplasia and which has been considered as “aplastic 
anemia” (Schmidt; Rhoads and Miller™). This situation appears to 
parallel that in cases of other generalized myelophthises (e. g. car- 
cinomatosis), in which the presence or absence of leukoerythroblastic 
anemia associated with myeloid metaplasia is controlled by unknown 
factors. 

In chronic “nonleukemic myelosis” the essential myeloid metaplasia 
is generally confined to the spleen and the liver. A minimal amount of 


45. von Jaksch: Demonstration von multiple Periostitis, Berl. klin. Wchnschr. 
38:496, 1901; Multiple Periostaffektion mit an myelogene Leukamie mahnender 
Blutbefund, Ztschr. f. Heilk. 22:8, 1901. 

46. Oesterlin, E.: Ein Fall kombinierter Knochen-Bluterkrankung, Virchows 
Arch. f. path. Anat. 247:589, 1924. 

47. Rosenthal, N., and Bassen, F.: Course of Polycythemia, Arch. Int. Med. 
62:903 (Dec.) 1938. 

48. Markoff, N.: Die myelogene Osteopathie, Folia haemat. 62:337, 1929. 

49. Minot, G. R., and Buckman, T. E.: Erythremia (Polycythemia Rubra 
Vera), Am. J. M. Sc. 166:469, 1923. 
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myeloid tissue has been observed inconstantly in other organs, e. g., 
lymph nodes (Michaelis; Assmann; Hirschfeld; Oesterlin; Barth, and 
Mettier and Rusk) and kidneys (Levy; Hickling, and Stone and Wood- 
man). In the kidneys, giant cells in the glomerular loops have generally 
been regarded as embolic in this disease (Schwarz; Assmann; Barth; 
Wolf, and Speroni and Llamblias **). This relative absence of “infiltra- 
tions” has been widely held to be one character differentiating this syn- 
drome from leukemic myelosis, though Hirschfeld (1914) pointed out 
that limitation of infiltrations is often enough encountered in cases of 
typical leukemia. 

In the liver, myeloid tissue is usually distributed in widely dilated 
sinuses and is rarely extravascular. In the spleen, it is diffusely spread 
through the cords of Billroth and within the splenic sinusoids. Not 
uncommonly the malpighian corpuscles are obliterated by red pulp; 
hemorrhages and fibrosis are common. Localized islands of myeloid 
tissue may form small tumor-like masses within the splenic pulp’ ( Barth; 
Jaffé ; ** Favre, Croisat, and Guichard ; ** Emil-Weil, Isch-Wall, Perles, 
and Scemama,** and Downey and Nordland). Hirschfeld (1905) saw 
similar masses in the wall of the small intestine. On account of their 
rich content of megakaryocytes they have been termed megakaryo- 
cytomas (Hewer). The rich distribution of such giant cells in the spleen 
and elsewhere has arrested the attention of many workers ** and has led 
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to the adoption of such names as “megakaryocytic myeloid splenomegaly” 
( Emil-Weil and associates *). Such cells have been held by some earlier 
authors to be derived from reticulum or reticuloendothelium.*’ They 
might be confused with the giant cells of a number of other systems, 
notably the Reed-Sternberg type, the giant cell of the Stengel-Wilson 
splenomegaly or the syncytial type of giant cell seen in reticuloendothelial 
reactions, such as that described by Dustin and Weil ** and others. In 
our case there was no doubt that the giant cells were typical megakaryo- 
cytes of the type found in bone marrow, and we believe that they derived 
from myeloblasts. 
PATHOGENESIS 


‘The pathogenesis of this syndrome has naturally received con- 
siderable attention. It should be stated that no theory has been satis- 
factorily proved. The earlier viewpoint, that this syndrome represented 
leukemia (Michaelis; Schwarz; Schmorl, and Lehndorff and Zak) or 
atypical leukemia (Hirschfeld, 1905, and Nauwerck and Moritz), was 
largely succeeded by that of a group of’ workers impressed by such 
atypical aspects of this syndrome as the uniform absence of real leukemic 
infiltrations and the multiplicity of cell types involved in the metaplasia. 
This group employed such names as pseudoleukemia (Pastore, Wolf) 
or aleukemic myelosis (Hirschfeld, 1914; Levy; Hagedorn; Arneth; © 
Jaffé, and others). Di Guglielmo © concluded that the disease was a 
leukemia of multiple cell types, or “erythroleukemia,” a name reminiscent 
of the “leukanemia” of von Leube.*' It was natural that observation of 
cases in which extreme osteosclerosis, or myelofibrosis, was displayed 
should lead to the conclusion that the blood picture and the myeloid 
metaplasia were compensatory (Askanazy ; Donhauser ; Oesterlin ; Chap- 
man; Mozer; Ballin and Morse, and Zadek). Such a view, however, 
fails to explain those cases, otherwise exactly similar, in which the bone 
marrow is hyperplastic. It seems to us that the evidence available 
postulates the existence of a pathologic stimulus to myeloid metaplasia 
rather than the existence of a solely compensatory or physiologic 
stimulus. Thus, Emil-Weil and associates suggested un syndrome toxt- 
infectieuse d’etiologies multiples and appeared impressed by the possible 
role of tuberculosis (as did Hugonot and Sohier, and Stone and Wood- 
man). The febrile episodes commonly reported in these cases, and 
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present in ours, certainly suggest the possibility of a chronic infection. 
While our patient may have had tuberculosis localized in the lymph 
nodes for a number of years, there is no doubt that the extremely 
destructive, nonreactive tuberculosis was a terminal episode. Similar 
destructrve tuberculosis may terminate leukemic myelosis. The postulate 
of Vaughan and Harrison is worth examining. Pointing out that all the 
cell types involved in the abnormal hyperplasia are derived from a 
common source, the reticulum of Maximow, they expressed the belief 
that a single common stimulus might affect, in degrees differing from 
case to case, osteoblasts (osteosclerosis), fibroblasts (myelofibrosis) and 
the hemopoietic cells (metaplasia, leukemoid blood pictures and poly- 
cythemia). Perhaps a similar situation exists in the chronic hyperplasias 
of lymph nodes (the reticuloses), in which hyperplasia of multipotential 
cells leads to the development of many different histologic pictures. We 
feel that at present this affords the most satisfying conception of the 
syndrome of “nonleukemic myelosis.” 


SUMMARY 


A case of chronic “nonleukemic myelosis” is reported with gen- 
eralized diffuse osteosclerosis, generalized fibrosis of the bone marrow, 
an erythromyelomegakaryoblastic blood picture with many atypical 
platelets and splenomegaly with myeloid metaplasia in which megakaryo- 
cytes are frequent. Certain of these features are unique and are dis- 
cussed in relation to the general characteristics of this syndrome. 

We believe that this syndrome may be due to chronic progressive 
hyperplasia of multipotential mesenchymal tissues caused by an unknown 
stimulus. 
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This study was undertaken primarily to determine the approximate 
accuracy of the precordial electrocardiogram as taken routinely in a gen- 
eral hospital in making or excluding the diagnosis of anterior cardiac 
infarction. Chest leads have been used clinically more and more since 
1932. Several studies? have been made of the variations noted in the 
precordial electrocardiograms of normal persons, and there have appeared 
numerous reports? of abnormalities in the chest lead observed in the 


From the Heart Station of the Rhode Island Hospital. 
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presence of various types of heart disease, particularly cardiac infarction. 
In addition, there have been some important investigations * of direct 
and indirect chest leads following experimentally induced cardiac infarc- 
tion in animals. 
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In a review of the literature it became evident that the studies 
dealing with human material, with a few exceptions, were in large part 
correlations between the precordial electrocardiogram and the condition 
of the heart as determined clinically. Thus we encountered only 
4 reports * which included postmortem study of the heart in 25 or more 
cases. In several studies the accuracy of the chest lead in diagnosing 
the presence of cardiac infarction was considerably greater when 
patients who came to autopsy were considered than when only clinical 
data were available. Three of the authors, Levine,*/ Master *° and Katz,** 
who with their co-authors have done considerable work in this field, have 
indicated the need of further correlation between the precordial electro- 
cardiogram and the observations made on the heart at autopsy. The 
well known difficulties inherent in accurately diagnosing the presence 
of cardiac infarction were again noted by Levine and Levine,” who 
reported that 4 of 12 patients found to have cardiac infarction at autopsy 
were not suspected of having this condition while alive. We therefore 
decided to limit our study to autopsied patients, in an endeavor to reduce 
the error in our observations as much as possible. 


METHODS OF STUDY AND MATERIAL 


From January 1934 until Aug. 15, 1937 precordial electrocardiograms were 
taken in selected cases, chiefly those of patients suspected of coronary occlusion. 
From the latter date until the present they have been taken routinely with each 
electrocardiogram. In the earlier years the precordial electrode was the ordinary 
limb lead electrode, 6 cm. by 3.5 cm. Since early in 1938 the smaller circular pre- 
cordial electrode, 3 cm. in diameter, has been used. Except for the period from June 
1938 to June 1939, when the precordial electrode was placed in the fourth left 
interspace at the midclavicular line, it was placed over the point where the apex 
impulse was observed or was thought to be. Except in a few of the earlier cases 
the indifferent electrode was placed on the left leg. In January 1938 the lead 
wires were reversed so that relative positivity of the exploring electrode resulted in 
an upward deflection in the finished electrocardiogram. Since this time, therefore, 
the precordial lead used has been lead IV F.5 However, to avoid confusion, in 
all subsequent discussion, tables and illustrations in this paper the necessary 
changes have been made to permit the assumption that all chest leads were taken 
by the new method. 

Sixty-nine patients form the basis for this report and were chosen in the follow- 
ing manner: In the first place, all patients were considered who had had cor- 
rectly standardized precordial electrocardiograms taken and who had come to 
autopsy. From this group of several hundred patients only those falling into one 
of the three following classes were retained: patients whose precordial electro- 
cardiograms showed (1) an absent initial positive deflection or (2) an initial 


4. Levine and Levine.2i Master, Dack, Kalter and Jaffe.2e Bohning and 
Katz.2" Robinson, Contratto and Levine.2" 

5. Standardization of Precordial Leads: Joint Recommendations of the Ameri- 
can Heart Association and the Cardiac Society of Great Britain and Ireland, Am. 
Heart J. 15:107, 1938. 
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positive deflection less than 2 millimeters in amplitude and (3) patients with 
cardiac infarction of sufficient size to be detected grossly and not included in 
(1) and (2). A few otherwise satisfactory patients were excluded because the 
interval between the taking of the electrocardiogram and autopsy was considered 
too long, and a few additional ones were discarded because postmortem study 
included no or inadequate study of the heart. There then remained the 69 patients 
who make up the material for this paper. 

Of the 69 patients thus selected, 50 had an interval of seven days or less 
between the date of the last chest lead and the autopsy. Eight had an interval 
of one month or more between these two events, but only 1 had an interval of 
over four months (patient 33). For 31 of the 69 patients two or more precordial 
electrocardiograms, taken at different times, were available for study. A small 
negative deflection (Q wave), less than 3 mm. in amplitude, before an initial 
positive deflection (R wave) of normal height was not considered abnormal. If, 
however, the Q wave exceeded 3 mm. in amplitude and was followed by a positive 
deflection over 2 mm. in height, an uncommon occurrence in this group, the initial 
positive deflection was considered absent (fig. 1D). 

Special mention should be made of 3 patients. In none of them did the chest 
lead show a positive initial deflection and in none of them did the autopsy 
reveal gross infarction. However, in each instance the autopsy happened to be 
performed by a relatively inexperienced member of the department of pathology; 
2 of the patients had other obvious gross pathologic conditions on which attention 
was probably focused, and, most important, in each case only one small microscopic 
section of the heart was preserved for study. Moreover, 2 of the patients, an 
86 year old man and a 67 year old hypertensive woman, had clinical histories 
suggestive of coronary occlusion. The third patient was a 76 year old man with 
advanced arteriosclerosis and lobar pneumonia. In view of the considerable doubi 
concerning the postmortem evidence in these 3 patients, we felt that the lesser 
of two evils was not to include them in the group. 

Finally, a few remarks might be made concerning the possible sources of error 
in this study. Some of the electrocardiograms were taken by the physician in 
charge of patients with cardiac disease, but most of them were taken by a trained, 
supervised technician. In view of the consistent results usually obtained in serial 
tracings, we are confident that the precordial electrode was properly placed in 
the majority of cases. Secondly, the autopsies, though carefully performed, were 
routine, and especial attention was not focused on the heart in each instance. Early 
cardiac infarction and small iniarcts can be easily missed, and it is certainly 
possible that a few were missed in this group of patients. However, we have 
endeavored to reduce this second source of error to a minimum by careful review of 
the microscopic sections with the aid of the pathologist in all doubtful cases. On 
the other hand, when the anatomic diagnosis of cardiac infarction was made, the 
evidence to support it was incontrovertible. 


PATIENTS WITH ABSENCE OF THE INITIAL POSITIVE DEFLECTION 
(ABSENCE OF THE R WAVE IN LEAD IV), 
PATIENTS 1 TO 30¢ 
In this class were included: patients 1 to 24, in whom definite 
infarction of the anterior surface of the left ventricle was demonstrated ; 
patients 25 and 26, who had definite infarction proved microscopically 


6. All patients are numbered as they appear in table 1. 
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but not localized grossly, and patients 27 to 30, in whom infarction of 
the cardiac muscle was not found. Of the patients with infarction, only 
patient 2 showed a larger part of the infarct on the posterior surface of 
the left ventricle. So far as could be determined’ from the clinical his- 
tories, 13 (50 per cent) of the 26 patients with infarction had a history 
of acute pain in the chest. None of the 4 patients without infarction 
had a similar history. 

Of these 30 patients with absence of R waves in Jead IV we found 
that 24 (80 per cent) had definite anterior infarction. It would seem 
reasonable to consider patients 25 and 26 as having definite infarction 
which was probably anterior in location. The limb leads, so far as they 
went, suggested anterior localization. Moreover, we have not thus far 
seen any instance of accurately localized cardiac infarction in a patient 
with absence of the R wave in lead IV in which the infarct did not 
involve the anterior surface of the heart. If patients 25 and 26 were 
admitted as having anterior infarction, the percentage would be raised 
to 87. 

The ST interval in the precordial electrocardiogram was elevated 
more than 2.0 mm. in 16 or 61 per cent of 26 patients with infarction 
and in none of the 4 patients without infarction. In serial electro- 
cardiograms on the same patient extreme variations in the depth of the 
initial negative deflection (Q wave in lead IV) were often noted. No 
significance could be attached to these variations, and they were most 
likely due to slight changes in the position of the precordial electrode. 

The ORS complex in lead IV was conspicuously slurred and of bizarre 
contour in 2 patients (2 and 16) with infarction: (fig. 1 H) and in none 
of the patients without infarction. Of these 30 patients, 2 with infarction 
(5 and 18) showed in one electrocardiogram a stall “R wave in lead IV 
and 1 patient (29) without infarction had in one tracing a normal 
R wave in lead IV and in another a small one. Thus, as Master and 
his co-workers*® have noted, a sharp distinction between a small and an 
absent R wave in lead IV is occasionally impossible. Patient 22 was 
difficult to classify. As pointed out by Wilson,?” among others, an initial 
Q wave, 3.0 mm. or less in amplitude, may occur before the initial 
positive deflection, or R wave, in precordial leads of normal patients. 
In patient 22 (fig. 1G) the Q wave in lead IV was sufficiently small 
to be within normal limits. However, it was grossly slurred and 
widened. Possibly its amplitude was diminished because of the presence 
of bundle branch block. At all events, we considered and classified it as 
an abnormal Q wave in lead IV, suggestive of cardiac infarction. How- 
ever, as patient 22 was the only one observed with this type of chest 
lead, further observations will be necessary to establish or disprove the 
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Fig. 1—A, patient 1. B, patient 3. The marked elevation of the ST interval 
in the chest lead, as contrasted with lead I is evident. C, patient 4. Here again, the 
abnormalities in the chest lead are much more striking than those in the limb 
leads. D, patient 6. Note the abnormally deep Q wave in the chest lead, practically 
the only evidence of infarction in this electrocardiogram. E, patient 8. The 
absent initial positive deflection in the chest lead is strong evidence for the presence 
of infarction. F, patient 11. G, patient 22. Note the small but extremely slurred 
Q wave in the chest lead, discussed further in the text. H, patient 2. Note the 
small bizarre deflection in the chest lead. As suggested by the limb leads, the 
larger part of the infarct present was on the posterior surface of the heart. These 
8 patients were among the 24 with an absent initial positive deflection in the chest 
lead and with infarction involving the anterior surface of the left ventricle proved 
at autopsy. In this and subsequent illustrations relative positivity of the precordial 
electrode is represented by an upward deflection in lead IV. The numbers of all 
patients refer to the numbers recorded in table 1. 
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correctness of our impression concerning the significance of this type of 
Q wave in lead 1V. The T wave in lead IV was inverted or diphasic 
in 19 (73 per cent) of 26 patients with infarction and in 1 of 4 without 
infarction. 

The conventional limb leads were considered positive because of QT 
or ST interval changes in 12 (46 per cent) of the 26 patients with 
infarction and in none of the 4 without infarction. However, it should 
be noted that in only 1 (patient 29, without infarction) of these 30 
patients could the limb leads be considered normal (figs. 2C and D). 
Bundle branch block was present in 4 of the 26 patients with infarction 
(6, 10, 17 and 22) and in 1 (patient 28) of the 4 without infarction. 
Right axis deviation was not observed. 

Of the 4 patients in whom no infarction was found, 3 had only one 
electrocardiogram taken. Patient 27 (fig. 2.4) had marked aortic 
stenosis. Patient 28 (fig. 2B), with a history of chronic asthma and 
hypertension, was distinctly cyanotic and in shock when the electro- 
cardiogram was taken. At autopsy, extreme enlargement of both 
ventricles, marked coronary sclerosis and thrombosis of the left pul- 
monary artery were found. Patient 29 (figs. 2C and D) was of con- 
siderable interest. His first electrocardiogram showed a normal R wave 
in lead IV. In the course of studying a large mediastinal mass, later 
found to be an aneurysm, an esophagoscopic examination was made. 
During this, collapse occurred and a prolonged period of resuscitation 
was necessary, during which a bronchoscope was kept in the trachea 
most of one afternoon. After recovery from this episode, roentgen 
therapy over the chest was instituted. After these two events electro- 
cardiograms showed absence of the R wave in lead IV on three occasions 
and a small one (0.5 mm.) in another tracing. At autopsy a large 
syphilitic aneurysm of the transverse aortic arch was found. The heart, 
including the aortic valves and coronary ostiums, was normal. In this 
instance, the disappearance of the R wave in lead IV was probably 
caused by an alteration in the position of the heart, an occurrence which 
has been observed by Master.* At the original fluoroscopic examina- 
tion, before the bronchoscopic examination, the heart was noted tos be 
displaced somewhat to the left, but in study of the series of roentgen- 
ograms of the chest, no definite change in the position of the heart could 
be observed. Patient 30, one with hypertensive disease, had numerous 
pulmonary abscesses and several hundred cubic centimeters of pus in 
both pleural cavities. Except for slight enlargement, the heart was 
normal. 

Thus, of these 4 patients with absence of the R wave in lead IV and 
no infarction, 2 had extreme cardiac enlargement. Master *° and his 
co-workers and Robinson, Contratto and Levine *" have noted the 
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occasional absence of the R wave in lead IV when only a considerably 
enlarged left ventricle was present; and the latter authors observed 
instances in which the R wave in lead IV was absent in the presence 
of a large left ventricle except when the precordial electrode was placed 
exactly at th. apex of the heart. Our remaining 2 patients with little 
or no cardiac enlargement had gross extracardiac, intrathoracic disease 
which might well have disturbed considerably the position of the heart 
in the chest. No patient with absence of the initial positive deflection 
was encountered in whom both the heart and the contents of the thoracic 
cavity were normal. 


Fig. 2—A, patient 27. B, patient 28. C, patient 29 on 1/18/39. D, patient 
29 on 3/8/39. Note the disappearance of the initial positive deflection in the chest 
lead. These 3 patients were among the 4 who had an absent initial positive deflection 
in the chest lead and had no cardiac infarction at autopsy. 

PATIENTS WITH AN ABNORMALLY SMALL INITIAL POSITIVE 
DEFLECTION (R WAVE IN LEAD IV), 
PATIENTS 31 TO 63 

In this class were included: patients 31 to 40, with definite infarction 
of the anterior wall of the left ventricle; patients 41 to 47, in whom 
the infarction was indefinitely localized or situated elsewhere than on 
the anterior surface of the left ventricle, and patients 48 to 63, in whom 
no infarction was discovered. Thus 10 (30 per cent) of these 33 
patients had clearcut anterior infarction of the left ventricle. Including 
patients 41 to 47, 17 (51 per cent) had infarction somewhere in the 
ventricular muscle. Of the 10 patients with grossly recognizable 
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anterior infarction, 3 (patients 34, 38 and 40) had infarction of the 
posterior surface of the left ventricle as well; and in 2 others (patients 
35 and 36), the larger portion of the one infarct present was on the 
posterior surface. From 7 of the 17 patients in whom infarction was 
somewhere present, a history of an acute attack suggestive of coronary 
thrombosis was obtained. A similar history was not obtained from 
any of 16 patients in whom infarction was not found. 

In this class of 33 patients, 5 of 14 for whom more than one electro- 
cardiogram was taken had at some time an R wave in lead IV of normal 
height. Of these 5, patients 34 and 40 had posterior infarction and 
relatively small anterior infarcts, patient 42 had a small infarct on the 
anterior surface of the right ventricle, patient 44 had moderate-sized 
infarction of the interventricular septum and in patient 63 no infarction 
was present, 


Fig. 3.—A, patient 32. B, patient 35. In this case, as suggested in the limb 
leads, the larger part of the infarct involved the posterior surface of the left ventricle. 
C, patient 40. Note the small Q wave preceding the abnormally small R wave 
in the chest lead. These 3 patients were among the 10 who had an abnormally 
small initial positive deflection in the chest lead and definite infarction of the 
anterior left ventricle at autopsy. 


A small downward (negative) deflection, 1 mm. or less in depth, 
was present before the R wave in 3 of the 10 patients with definitely 
localized anterior infarction (patients 31, 39 and 40; fig. 3C). A 
similar negative deflection was present in only 1 (patient 50) of 16 
patients in whom infarction was not found and was not observed in 
the 7 patients with definite infarction not clearly shown to involve the 
anterior portion of the left ventricle. This small negative deflection was 
observed by Johnston, Hill and Wilson ** to appear occasionally or be 
accentuated after experimental cardiac infarction and was thought to 
result from delay in activation of the subendocardial muscle. 
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Some investigators ‘ expressed the opinion that a small R wave was 
less significant in diagnosing infarction when the downward deflection 
following the R wave was small, i. e., less than 10 mm. in amplitude. 
In this class, 5 (patients 35, 37, 40, 44 and 45) of 17 in whom infarc- 
tion was present showed at some time a deflection less than 10 mm. in 
depth following the small R wave. Among the patients without infarc- 
tion, 3 (patients 48, 50 and 62) of 16 had a downward deflection of 
less than 10 mm. following the R wave. We are therefore rather doubt- 
ful of the significance of the size of the deflection following the R wave. 


Fig. 4—A, patient 49. Note the presence of bundle branch block and the 
considerable elevation of the ST interval in the chest lead. B, patient 50. C, 
patient 53. D, patient 56. This patient had cor pulmonale. These 4 patients were 
among the 16 in whom there was an abnormally small initial positive deflection 
in the chest lead and infarction was not found at autopsy. 


In 2 (patients 45 and 47) of the 17 patients with infarction the QRS 
complex of the chest lead was distinctly abnormal and bizarre in contour. 
Similar deformity of the QRS complex in lead IV was not observed 


in any of the 16 patients without infarction. 


7. Master and others.2° Edwards and VanderVeer.2t VanderVeer and 
Edwards.2¥ 
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The ST interval in the chest lead was elevated more than 2 mm. 
in 6 of the 17 patients with infarction and in only 1 (patient 49) of 
the 16 without infarction (fig. 4.4). In this patient the limb leads 
showed definite right bundle branch block. We have recently observed 
a case of left bundle branch block, in which there was no clinical reason 
to suspect cardiac infarction or pericarditis, in which the ST segment 
in lead IV showed similar elevation. Wood et al* have observed 
similar elevations of the ST segment in lead IV in the presence of 
bundle branch block. We do not know the mechanism involved but 
merely wish to record our belief that, in addition to acute infarction 
and pericarditis, bundle branch block alone may occasionally be asso- 
ciated with considerable elevation of the ST interval in lead IV. 

In 7 of the 17 patients with infarction the T wave in lead IV was 
diphasic or inverted, while similar changes were evident in 1 of 16 


Z 
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Fig. 5.—A, patient 65. This tracing illustrates the changes in the limb and 
chest leads in a classic instance of posterior infarction. B, patient 68. This patient 
had, in addition to a posterior infarct, a small anterior infarct whose presence 
was not indicated in the chest lead. These 2 patients were among the 6 in whom 
the initial positive deflection in the chest lead was normal and in whom, except 
for patient 68, infarction was present only on the posterior surface of the left 
ventricle. 


patients without infarction. In general, study of the T wave in the pre- 
cordial electrocardiogram did not often afford much aid in the diagnosis 
of cardiac infarction. 

Study of the limb leads revealed that in 5 (29 per cent) of the 17 
patients with infarction abnormalities were present definitely indicating 
this diagnosis. Similar definite changes were not present in the limb 
leads of any of the 16 patients without infarction. Bundle branch block 
was present in 4 of the patients with infarction and in 5 of the patients 
without infarction. In none of the patients in whom infarction was 
revealed was right axis deviation present, while it was present in 2 
(patients 53 and 56; fig. 4C and D) in whom this pathologic finding 
was absent. 
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As regards the 16 patients in whom cardiac infarction was not found, 
in none could the heart be considered normal. The following pathologic 
conditions were observed: cardiac hypertrophy, presumably on a hyper- 
tensive basis; considerable fatty metamorphosis of the heart muscle, 
apparent when the muscle was studied microscopically ; syphilitic involve- 
ment of the aortic valve; aortic stenosis; pericarditis; cor pulmonale 
(chronic type); rheumatic heart disease; extreme coronary sclerosis ; 
considerable carcinomatous involvement of the pericardium. 


PATIENTS WITH CARDIAC INFARCTION OF SUFFICIENT SIZE TO 
BE DETECTED GROSSLY, NOT INCLUDED IN THE TWO PRE. 
VIOUS CLASSES, PATIENTS 64 TO 69 

In these 6 patients with infarction the initial positive deflection was 
within normal limits. In patient 69 the R wave in lead IV ranged 
between normal and abnormal limits in the same record, apparently 
changing with respiration. This variation again illustrated the impos- 
sibility of always making a sharp separation between the normal and 
abnormal precordial electrocardiogram. 

All of these 6 patients had posterior infarcts. In addition, patient 
67 had syphilitic narrowing of the ostium of the right coronary artery 
and syphilitic aortitis. Patient 68 (fig. 5B) had, in addition, a small 
anterior infarct and was the only 1 of all 69 patients with both an 
anterior infarction and a normal R wave in lead IV in all records. 
However, even in this case there was some suggestive evidence of 
anterior infarction as the R wave in lead IV became progressively 
smaller in serial records and the ST interval in lead IV became abnor- 
mally elevated. Two of the 6 patients gave a history of acute precordial 
pain. 

Two (patients 65 and 69) of 3 patients with recent posterior infarc- 
tion had depression of the ST interval in lead IV. In only patient 68 
(with anterior infarction) was the ST interval in lead IV abnormally 
elevated. The T wave in lead IV was diphasic or inverted in 4 of the’ 
6 patients. In 3 of the 6 patients the limb leads gave definite evidence 
of cardiac infarction. 


COMMENT ON THE ENTIRE GROUP, PATIENTS 1 TO 69 


In this group of patients there were 54 men and 15 women. Forty- 
nine patients had cardiac infarction at autopsy, and 20 did not. Of 
the 34 patients with definite anterior infarction and with absent or 
small R waves in the chest lead, the larger part of the infarct was on 
the posterior surface of the left ventricle in 3 (patients 2, 35 and 36). 
In addition, patient 34 had two separate infarcts, the larger one being 
on the posterior surface of the heart. In these 4 (patients 2, 34, 35 
and 36), the limb leads showed changes in the QT segment char- 
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acteristic of posterior infarction. Thus in these 4 instances the precordial 
electrocardiogram, interpreted in conjunction with the limb leads, pro- 
vided accurate localization of the infarction subsequently found. It 
could not be predicted whether one extensive or two smaller areas of 
infarction were present, however. 

Among these 34 patients with anterior infarction and with absent 
or small R waves in the chest lead, there were 3 additional ones 
(patients 6, 38 and 40) with both anterior and posterior infarction. 
In these instances the posterior infarct was fairly small or at least 
smaller than that found anteriorly. In these 3 patients the limb leads 
gave no definite indication of the posterior infarct. These few cases 
would suggest that in the presence of both anterior and posterior infarc- 
tion, the posterior infarct may be indicated in the limb leads, but only 
if it is of sufficient size relative to the anterior infarct. 

Of the total of 49 patients with infarction, 2 with absence of the R 
waves in lead IV and 2 more with abnormally small R waves in lead IV 
had slurred, grossly abnormal QRS complexes in lead IV of the type 
illustrated in figure 1H. None of the 20 patients without infarction 
had this type of precordial electrocardiogram. Thus, as pointed out 
by Master and his co-workers *° and Wilson,?" this type of QRS com- 
plex in lead IV seems highly significant in the diagnosis of cardiac 
infarction. 

Thirty of the 49 patients with infarction and 2 of the 20 patients 
without infarction had diphasic or inverted T waves in lead IV. Thus 
the direction of the T wave in lead IV is of some help in diagnosing 
or excluding the presence of infarction. However, we feel that the 
direction of the T wave in lead IV, taken by itself, provides little assis- 
tance in diagnosis because it may be abnormal in so many other types 
of cardiac disease. This view is supported by Levine * and his co-workers 
and by Edeiken, Wolferth and Wood.** 

In the 49 patients with infarcts the limb leads‘ provided positive 
diagnostic evidence in 20 instances, but presented similar evidence in 
none of the 20 patients without infarction. Thus, when positive, the 
limb leads are of real assistance. From 22 of the 49 patients a definite 
history of an acute attack strongly suggesting cardiac infarction was 
obtained, while it so happened that a similar history was not obtained 
from any of the 20 patients without infarction. Therefore, when present, 
a typical history of acute persisting substernal pain, perhaps with 
dyspnea or vomiting, if carefully taken and evaluated, would seem to 
provide reliable evidence in support of a diagnosis of cardiac infarction. 

Bundle branch block was present in 8 of the 49 patients with infarc- 
tion and in 6 of the 20 without infarction. Thus while the presence 
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of bundle branch block alone may at times apparently be responsible 
for a small or even an absent R wave in lead IV, the presence of this 
éonduction defect would seem rather to reduce than to remove entirely 
the diagnostic significance of smallness or absence of the initial positive 
deflection in the chest lead. Robinson, Contratto and Levine ™ have 
reached similar conclusions. 

A study of the ST interval in the precordial electrocardiogram yielded 
some information of interest. In the 35 patients with clearly localized 
anterior infarction, the ST interval in lead IV was elevated more than 
2.0 mm. in 19 (54 per cent). Though the elevation might occasionally 
occur in the presence of bundle branch block, no patient was observed 


TABLE 2.—Summary 


a 3 = > Sm = 
® = af &§ @ OF a 2 
= BEES si Se S 
4 Casa =} = 
§t & Seta ES ts s 
Patients with absent 30 24 26 Infarction 6 13 16 1 2 9» 8 4 
initial positive deflec- No infare- 
tion in the chest lead COR..0000 4 0 0 0 0 1 
Patients with small 33 10 17 Infarction 17 vi 6 2 5 4 
initial positive deflec- No infare- 
tion (less than 2.0 tion...... 16 0 1 1 0 1 0 5 
mm.) in chest lead 
Patients with infare- 6 1 SO Ssadrinness 6 2 1 2 0 4 3 0 
tion not included above 
All patients .......... 69 35 #49 #£=%Infarction 49 22 2% 4 4 3 2 8 
No infare- 
ae 0 1 1 0 2 0 6 


with absence of the R wave in lead IV and an abnormally elevated ST 
segment in lead IV in whom infarction was absent or in whom it could 
be demonstrated that the infarct did not involve to some extent the 
anterior surface of the left ventricle. 

Of the entire 49 patients with infarction, 23 showed an elevation 
greater than 2.0 mm. of the ST interval in lead IV and 4 showed detect- 
able depression of the ST interval in that lead. In 2 (patients 6 and 45) 
of the 23 patients with abnormal ST elevation in lead IV, bundle branch 
block was present. As regards the 4 patients with depression of the ST 
interval in lead IV, 2 (patients 65 and 69) had posterior infarction 
which readily explained this abnormality. In the other 2 (patients 22 
and 37) the depression of the ST interval in lead IV was confusing 
because definite anterior infarction was found at autopsy. However, in 
both of these patients bundle branch block was present. Moreover, in 
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the 20 patients without infarction 1 (patient 49) had appreciable eleva- 
tion of the ST interval in lead IV, and 1 (patient 61) had definite 
depression of that segment. However, in both of these patients definite 
bundle branch block was present. Because of these observations we feel 
that abnormality of the ST interval in lead IV, as well as of the initial 
positive deflection in the chest lead, must be interpreted with considerable 
caution in the presence of bundle branch block. 


SUMMARY 

Sixty-nine patients with precordial electrocardiograms who came to 
autopsy were studied. These patients were selected from a much larger 
number because they fell into one of three classes : 

1. Thirty patients with absence of the initial positive deflection in 
the chest lead. Eighty-seven per cent of these patients had cardiac 
infarction, and 80 per cent had definitely localized infarction of the 
anterior surface of the left ventricle. The limb leads yielded positive 
evidence for infarction in 46 per cent of the patients in whom this con- 
dition was found at autopsy. Of the 4 patients with absence of initial 
positive deflections and no infarction, 2 had extreme cardiac enlarge- 
ment and the 2 others with little or no enlargement had gross intra- 
thoracic disease. 

2. Thirty-three patients with an initial positive deflection of less than 
2.0 mm. in the chest lead. Thirty per cent of these patients had defi- 
nitely localized infarction of the anterior surface of the left ventricle. 
Fifty-one per cent had infarction somewhere in the ventricular muscle. 
In the presence of a small R wave in lead IV, a small preceding negative 
deflection was more common in the presence than in the absence of 
cardiac infarction. Contrary to some opinions, in our experience the 
size of the negative deflection following the small initial positive deflec- 
tion was of no definite significance. In none of the patients without 
cardiac infarction was the heart normal. 

3. Six patients with cardiac infarction detectable on gross inspection, 
not included in the two previous classes. All had normal initial positive 
deflections, and all had posteriorly located infarcts. One patient had, 
in addition, a small anteriorly located infarct. 

Of the 69 patients, 49 had cardiac infarction at autopsy. In 4 patients 
with small or absent initial positive deflections and infarction of the 
anterior surface of the left ventricle, a more extensive area of infarction 
involved the posterior cardiac wall. In 4 patients with cardiac infarc- 
tion the QRS complex in the chest lead was grossly abnormal in general 
contour, while this did not occur in any patient without infarction. The 
T wave in the chest lead was diphasic or inverted in 30 of 49 patients 
with infarction and in 2 of 20 patients without infarction. The limb 
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leads showed diagnostic changes in 20 of the patients with infarction 
and in none of the others. A typical history of coronary occlusion was 
recorded for 22 of the 49 patients with infarcts and for none of the 
patients without infarcts. Bundle branch block was present in 8 of the 
49 patients with and in 6 of the 20 patients without infarction. In 54 
per cent of the patients with clearly localized anterior infarction, the 
ST interval in the chest lead was abnormally elevated. In the presence 
of bundle branch block confusing deviations of the ST interval in the 
chest lead were occasionally observed. 


CONCLUSIONS 

1. In routinely taken electrocardiograms the absence of the initial 
positive deflection in chest lead IV F is evidence for the presence of 
cardiac infarction in the great majority of cases. 

2. An abnormally small initial positive deflection in chest lead IV F 
is associated with cardiac infarction in about one half the cases in which 
it is found. 

3. A sharp distinction between abnormal and normal initial positive 
deflections is impossible in a few cases because of variations found in 
serial records. 

4. A relatively small, grossly abnormal QRS complex in the pre- 
cordial electrocardiogram may occur at times and is strong evidence 
for the presence of cardiac infarction. 

5. In the presence of extreme cardiac enlargement or gross intra- 
thoracic abnormality some caution is indicated in interpreting a small 
or absent initial positive deflection. An absent or abnormally small 
initial positive deflection in lead IV F will rarely occur in the absence 
of either definite cardiac disease or significant extracardiac abnormality 
within the chest. 

6. The presence of bundle branch block renders less reliable any 
abnormality of the initial positive deflection or of the ST interval in the 
precordial electrocardiogram. 

7. In an interpretation of abnormalities in the initial positive deflec- 
tion of the chest lead, the deviations of the ST interval in lead IV, the 
clinical history and findings and the evidence provided by the limb leads 
should all be carefully considered in every case before a diagnosis is 
attempted. 

Assistance was given by the pathologist, Dr. B. Earle Clarke, and by the 
assistant pathologist, Dr. Robert J. Williams. 
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IN RELATION TO STREPTOCOCCI OBTAINED FROM A WATER SUPPLY 
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The epidemic of poliomyelitis concerned was atypical in many 
respects. Older children and young adults were chiefly stricken. 
Weakness of muscles associated with severe pain and other symptoms 
indicating involvement of the brain, posterior horns, nerve roots, nerves 
and muscles was common, whereas complete flaccid paralysis of even 
small muscle groups was rare. Convalescence of patients was often 
greatly prolonged, but ultimate recovery was usually complete. 
Recurring exacerbations with progression and change of symptoms and 
lesions occurred in some cases, culminating in a strange and painful dis- 
ease or state, well designated by the descriptive term “encephalomenin- 
goradiculitis with fibromyositis.” The virus was readily demonstrated 
in the spinal cord * of patients who died of poliomyelitis during the epi- 
demic but was demonstrated with difficulty in nasopharyngeal washings.* 
During a study of the epidemic in 1934 it was found that streptococci 
isolated from the nasopharynx, urine, stools, spinal fluid and spinal cord 
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produced symptoms and lesions in animals simulating in important 
respects those symptoms and lesions characteristic of the outbreak.* 

In a second study, in 1937, of a series of patients who continued to 
have symptoms after initial attacks of poliomyelitis, it was found (1) that 
the virus was not demonstrable, (2) that this strange disease was no 
longer poliomyelitis but encephalomeningoradiculitis with fibromyositis 
and (3) that it was caused by a streptococcus related to strains isolated 
during the epidemic.° 

The epidemiologic conditions of the original epidemic were as unusual 
as the clinical manifestations. The incidence of the disease was abnor- 
mally high or excessively low in localized areas, sometimes having 
separate water supplies. It did not spread, as is usual in epidemics of 
poliomyelitis. There was an abnormally high incidence of multiple 
instances of the disease, often occurring almost simultaneously in family 
and other groups living on high hills, in upper stories of apartments and 
on the high sides of streets along hillsides. The incidence of the disease 
among physicians and nurses who cared for those ill with poliomye- 
litis was far greater than has ever been reported in epidemics of polio- 
myelitis.** In all previous and subsequent epidemics of poliomyelitis 
(nineteen in all) which I have studied, I recall only 2 instances in which 
nurses or physicians who were exposed contracted the disease. Some 
unusual factor or factors, it was thought, were operative. 

A history of inadequate water pressure, permitting back siphonage 
under stress, was obtained in nearly all instances which were closely 
studied, and such inadequate water pressure was repeatedly demonstrated 
where multiple instances of the disease occurred and where nurses and 
physicians who contracted the disease lived. These findings and the 
isolation previously of streptococci from water supplies during epidemics 
of encephalitis which also remained localized suggested the water supply 
as a possible source of this infection. A study by special methods of the 
water supply was therefore made. 

The results were reported so far as the facts warranted to the 
health officers or to those in charge at the time, and measures to correct 
the defects, if any, were instituted. 

The recent demonstrations of the presence of the virus ° in stools of 
persons having poliomyelitis and in the sewage during epidemic polio- 
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myelitis * indicate the importance of the water supply as a possible source 
of infection. It is the purpose of this report to record the results of my 
studies made on the relationship of the water supplies to this epidemic 
and to the instances of encephalomeningoradiculitis and fibromyositis 
which followed. 


CONDITION OF WATER SUPPLY IN RELATION TO THE DISEASE 
IN PHYSICIANS AND NURSES 


On inquiry, it was learned that 48 of about 450 nurses and 9 of 125 
interns had contracted poliomyelitis during the month previous to my 
study. Gastrointestinal symptoms were present in most cases of polio- 
myelitis and were common among nurses or physicians having mild 
forms of the disease. Little attention was given to this circumstance 
because nearly all who contracted the disease had been exposed to 
patients who had poliomyelitis. The incidence of the disease was far 
greater among nurses living in cottages near the hospitals than among 
those who lived on the outside, many of whom had also been exposed 
to the disease. It was found that most of the nurses lived in a long 
double row of two story cottages, 12 to 14 nurses in a cottage, thirty- 
four cottages in all, and that the water supply common to all cottages 
came from one pipe. The toilet valves were chiefly of the flush type. 
It was found that a lack of water pressure during rush hours occurred 
regularly in the cottages at the farther end of the rows, especially on 
the upper floors. In one cottage at the farthest end, 7 nurses living on 
the second floor and 1 living on the first floor, or approximately 57 per 
cent of the 14 nurses living in this cottage, contracted poliomyelitis. 
Lack of pressure and back suction of air were demonstrated to occur 
in water outlets in the nurses’ rooms and in the bathrooms upstairs when 
the faucets downstairs were turned on, and the residual water in one 
of the toilets was seen being drawn back into the drinking system. A 
linear break in the diaphragm of the flush valve in this toilet was found. 
In view of the nature of this defect in the diaphragm, it must have 
existed for some time. Of the 48 nurses who contracted this disease, 
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out of the 450 living in the cottages, 26, or 54 per cent, lived in the 
farthest third of the cottages with respect to the inlet of the water supply ; 
17, or 35 per cent, lived in the middle third, and 5, or 10 per cent, lived 
in the nearest third (autogenous contamination). 

The conditions were next studied at a second row of cottages which 
were of similar construction and distribution in relation to the water 
supply but which were situated on a much lower level, a fact which 
insured greater water pressure. About 230 orderlies and maids, many 
of whom also worked in the wards of the contagious disease hospital 
where patients who had poliomyelitis were cared for, lived in these 
cottages. Only 2 of these persons had contracted poliomyelitis. The 


same type of flush toilet valve as was used in the cottages for the nurses 


was found, but lack of water pressure had not occurred nor could it be 
demonstrated. The capacity to deliver water under the greatest stress 
was adequate. The central source of the water supply was the same as 
that for the nurses’ cottages. 

As indicated, 9 of 125 interns had contracted poliomyelitis, whereas 
the disease had affected only 3 of approximately 3,000 patients and a 
large personnel in the general hospital. The water supply to the hospital 
and to the interns’ quarters was obtained from an entirely different 
source than the supply to the cottages of nurses, maids and orderlies and 
to the hospital for patients with contagious disease. The toilets in the 
interns’ quarters were equipped with flush valves of the same type as 
those used throughout the hospital. Lack of water pressure and back 
suction of air under stress at the water outlets were repeatedly demon- 
strated (autogenous contamination). Because most of the interns, as 
well as the nurses, who contracted poliomyelitis had worked in the wards 
with patients who had poliomyelitis, no one suspected the water supply. 
One physician who was in charge of the care of patients suffering from 
poliomyelitis and who lived and was cared for in a small apartment in 
the contagious disease hospital had a severe and painful attack which 
continued with recurring exacerbations for many weeks. Lack of water 
pressure with back suction under stress was repeatedly demonstrated 
in his apartment (autogenous contamination). The hospital and sana- 
torium where most of the patients who had encephalomeningoradiculitis 
and fibromyositis were cared for in 1937 were also equipped with the 
flush type of toilet valve. Lack of pressure on the upper floors and back 
suction of air under stress were repeatedly demonstrated (autogenous 
contamination). Exacerbations of symptoms among this group of 
patients and a frequent, often almost simultaneous, occurrence among 
the nurses in attendance of symptoms which were milder but still true 
to type suggested a common cause, such as a contaminated water supply. 
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METHODS OF STUDY 


Through the cooperation of the health and water departments many specimens 
of water representing the more central sources routinely examined by them became 
available for culture. In addition, I made cultures of many samples obtained at 
the very periphery of the water supplies at which multiple instances of the disease 
occurred and made control cultures of samples obtained at points at which no 
instances of the disease occurred during the epidemic of 1934 and in connection 
with the instances of encephalomeningoradiculitis and fibromyositis in 1937. (By 
“periphery” and “peripheral water supplies” is meant the drinking water obtained 
from faucets for occupants in rooms, apartments, houses, cottages and hospitals, in 
contradistinction to water collected from large water mains nearer the source of 
the central supply.) The samples of water that were cultured were collected and 
handled with the usual precautions for insuring sterility. It was taken for granted 
and very early found true that the usual precautions eraployed to safeguard the 
water supply, as determined by standard methods, had been taken. In fact, this 
safeguarding was elaborately and efficiently done. The standard methods, as well 
as my method of examination, disclosed that the bacterial count, as determined 
by formation of colonies, was uniformly low and that Escherichia coli was nearly 
always absent. The method I used in culturing water was similar to the one 
used successfully for the isolation of causative streptococci from the nasopharynx, 
spinal fluid, blood, brain, spinal cord and excised muscles and ovaries of patients. 

Three cubic centimeters of the water was added routinely to a tall tube con- 
taining approximately 17 cc. of dextrose-brain broth, and 30 to 45 cc. amounts of 
the sample were added to tall bottles containing 200 cc. of dextrose-brain broth. 
The dextrose-brain broth was usually freshly prepared. To the remaining amount 
of the sample of water the contents of two tubes of dextrose-brain broth were 
added; the openings of tubes and bottles were flamed meanwhile. Similar cultures 
of sterile water were often made to control the technical procedures, and the 
results were always negative. Parallel cultures made in the beginning on blood 
agar never yielded the streptococci, whereas those in plain or dextrose broth yielded 
the streptococci only occasionally. Hence, only mediums containing brain tissue 
were used routinely. All inoculated mediums were incubated at 33 to 35 C. 
Various methods were used to separate the streptococci from other bacteria 
in mixed cultures, for identification and experiments on animals. Plating on 
blood agar did not usually suffice; if it did, the streptococci obtained usually 
either had lost their virulence or represented nonvirulent strains. Heating the 
water itself at 50 C. or heating the mixed culture of bacilli and streptococci in 
dextrose-brain broth for one hour at this temperature often sufficed. But by far 
the best method consisted of making serial dilution cultures in dextrose-brain 
broth or soft dextrose-brain agar.® 


RESULTS OF CULTURES 


The streptococci in the primary culture of water were often extremely 
pleomorphic. Gram-positive or gram-negative diplostreptococci, which 
often were elongated and sometimes resembled bacilli (fig. 1 a), were by 
far the most common forms obtained in the primary cultures. These 
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were nearly always gram-positive when gram-positive bacilli (Bacillus 
subtilis) also grew and were gram-negative when mixed with gram- 
negative bacilli, usually of the Pseudomonas group. After several 
cultures in dextrose-brain broth (fig. 1b) or after animal passage 
(fig. le) the morphologic appearance became uniform and _ typical. 
Streptococci were almost never obtained from samples containing 
Esch. coli. 

All of 15 samples of water collected for several weeks from the 
cottage in which 8 of 14 nurses contracted poliomyelitis yielded the 
streptococci, and the first few also yielded Esch. coli after back siphonage 
was demonstrated, whereas only 1 of 7 samples obtained from the water 
at the inlet to the row of nurses’ cottages yielded the streptococci and 
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Fig. 1.—Streptococci isolated from the water supply of patients who had 
encephalomeningoradiculitis and fibromyositis in 1937: (a) on isolation, (b) in 
dextrose-brain broth from the end point of growth in the serial dilution culture 
and (c) after animal passage. Gram’s stain; x 1,000. 


none yielded Esch. coli. Cultures of samples collected at the periphery 
and inlet to the row of cottages where only 2 cases of poliomyelitis 
occurred did not yield streptococci. Streptococci were obtained from 
cultures of the water from faucets in the interns’ quarters used for drink- 
ing purposes by those who became ill far more often than from similar 
cultures of specimens obtained from the water supply for patients in the 
general hospital. Specimens of the water supply from the apartment of 
the physician-patient who lived in the contagious disease hospital repeat- 
edly yielded the streptococci. The streptococci were not obtained from 
samples of water collected in the wards and kitchens throughout the 
contagious disease hospital. Repeated cultures of the water at the inlets 
to the hospital and sanatorium wherein the patients who had encephalo- 
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meningoradiculitis were cared for yielded streptococci much less often 
than did those of the water obtained from faucets supplying the drinking 
water for the patients. 

Streptococci were isolated much more frequently from samples of 
supplies to the epidemic region than from samples of supplies to regions 
in which few or no instances of the disease occurred (table 1). The 
incidence of isolation of the streptococci from the samples obtained from 
central water supplies at the time of the epidemic as well as four months 
later was higher than the incidence of isolation from similar supplies 
outside the epidemic zone at the time of the epidemic. In one experiment 
39, or 65 per cent, of 60 specimens of water from the region wherein 
poliomyelitis was prevalent yielded the streptococci, whereas only 1, or 


TaBLe 1.—Incidence of Isolation of Streptococci from Water Supplies with 
Relation to an Epidemic of Poliomyelitis and to Cases of 
Encephalomeningoradiculitis and Fibromyositis 


Growth of 
Streptococci 


in Dextrose- 
Brain Broth 
Source of Speci. —-----~-—-— 
Samples Relation of Epidemic or Cases mens Number Per Cent 
Water mains { Area of Time of epidemic................ P R 95 32 MM 
of different epidemic Four months after epidemic...... Pores 40 ll 28 
supplies Outside area of epidemic at time of epidemic........ 37 4 u 
Cottages and quarters where many instances 
Cottages and quarters where few instances occurred 23 6 26 
Family groups in which 2 or more instances occurred 19 6 | 6S 
1937 Hospital where patients who had encephalomeningo- 
radiculitis and fibromyositis were cared for........ 15 13 87 
Total periphery where many instances oceurred...... 3 7? 
Total periphery where few or no instances occurred.............. 66 12 18 


about 4 per cent, of 27 specimens obtained from uninfected regions 
yielded streptococci. In another experiment the advantages of the 
dextrose-brain broth method over the standard methods were also 
strikingly shown. Thus, 17, or 35 per cent, of 48 specimens, revealed 
diplococci or streptococci in dextrose-brain broth, in contrast to 4, or 
8 per cent, of the same 48 specimens cultured in the litmus-lactose broth. 
In general (table 1), the incidence of isolation was highest from samples 
obtained from the periphery within the epidemic zones wherein but 1 
instance of the disease occurred in family groups (65 per cent), at 
cottages and quarters wherein many persons contracted the disease 
(88 per cent), in family groups wherein 2 or more persons contracted 
the disease (94 per cent) and at the hospital wherein the patients who 
had encephalomeningoradiculitis and fibromyositis were cared for (87 
per cent), an average of 83.5 per cent. This was in sharp contrast to 
the incidence of isolation from samples of water from the periphery 
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outside the epidemic area (14 per cent). The incidence of isolation of 
the streptococci was far lower from samples of water obtained from 
chlorinated supplies than from samples from unchlorinated supplies. 
Thus, of 17 samples (of 48 cultured) yielding streptococci, the water 
was unchlorinated in 14 and was chlorinated in only 3. 

In order to determine the number of viable streptococci in the water, 
serial dilution cultures in dextrose-brain broth and dextrose-brain agar 
and dextrose broth in multiples of ten were made. The growths obtained 
often indicated the presence of exceedingly large numbers of streptococci. 
One sample, after being transported to Rochester, Minn., in a sealed 
bottle, yielded streptococci in dextrose-brain broth in dilutions up to 
1: 10,000,000,000, in dextrose-brain agar up to 1: 100,000,000 and in 
dextrose broth up to 1: 10,000. To be certain of this seemingly impos- 
sible result, dilution cultures in dextrose-brain agar were repeated at 
the same time by four persons in different rooms, with essentially the 
same result. Dextrose-brain broth exposed to the air in open Petri 
dishes and in open tubes as a control during the period of making 
cultures remained sterile in every instance. 


ANIMAL EXPERIMENTS 


Mice, rabbits and monkeys were fed the contaminated water and 
were given injections of water and of streptococci obtained from the 
water. Both pure and mixed cultures were administered before and 
after animal passage. As controls, similar injections of sterile dextrose- 
brain broth or other mediums used in cultivating the streptococci, of 
distilled water, of boiled or autoclaved water and of water to which 
tincture of iodine had been added in a concentration of from 1 : 30,000 
to 1: 1,000,000 were made, always with negative results. The methods 
of injection and the amounts administered were comparable with those 
employed in experiments with streptococci obtained from patients.’ 
Routinely, 1 cc. of the raw or sterile water was given intracerebrally to 
rabbits, 3 to 5 cc. was given intracerebrally and 5 to 10 cc. was given 
intravenously to monkeys and 2.5 to 3.5 cc. was given intraperitoneally 
to mice. To rabbits was administered 0.1 cc. intracerebrally, and to 
monkeys 0.5 cc., of 1: 1,000 dilutions of dextrose-brain broth cultures 
containing the streptococci. Some monkeys, in addition, received 5 to 
10 cc. of the undiluted culture intravenously. 


Results of Direct Injection of Contaminated Water into Animals.— 
The streptococci in the contaminated water both during the epidemic 
and in 1937 were virulent for mice. Thus, the injection: of a total of 
68 samples intraperitoneally into 147 mice was followed by the death of 
103, or 70 per cent, of the mice. Cultures in dextrose-brain broth were 
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made of the peritoneal fluid, blood, muscles or ovaries of 72 mice; strep- 
tococci were isolated in 50 mice, or approximately 70 per cent. Thirty- 
seven samples shown to contain the streptococci were injected into 36 
rabbits and 16 monkeys during the epidemic. Paralysis developed in 
11, or 30 per cent, of the rabbits and in 6, or 37 per cent, of the monkeys, 
and the streptococci were isolated from pipetings from the brains of all 
the animals that died. 

Results of Injection of Cultures of the Streptococci into Animals.— 
The results of injection of freshly isolated strains of streptococci obtained 
from the water representing the supply of patients who had poliomyelitis 
during the epidemic and of the patients who had encephalomeningo- 
radiculitis were highly specific (table 2). The incidence of paralysis 
and of lesions of the brain and of the medulla after injection of the 
streptococci obtained from the water during the epidemic was much 

Taste 2.—Incidence of Characteristic Symptoms and Lesions in Rabbits and 


Monkeys After Inoculation of the Streptococci Isolated from Water 


Symptoms (Per Cent) Lesions (Per Cent) 
of Brain 
Strep-  Ani- Paral- or Nerve 
Water Supplies tococci mals Pain ysis Spasms Medulla Dura Roots Muscles 
During epidemie of polio- 
35 190 12 47 9 32 13 17 


After epidemic of polio- 


9 48 0 3 0 ll 0 0 0 
Instances of recurring en- 

cephalomeningoradiculitis 

with fibromyositis, 1987... .. M4 73 62 23 36 15 45 55 92 


higher than that after injection of the water four months after the 
epidemic had disappeared and after injection of the water from the 
supply of the patients who had encephalomeningoradiculitis. The inci- 
dence of evidence of pain, spasms and lesions of the dura, nerve roots 
and muscles, the very tissue especially involved in patients, was far 
greater among those animals which received injections of streptococci 
obtained from the water supply of the patients who had encephalo- 
meningoradiculitis than it was among those receiving the streptococci 
obtained from the water supply during and after the epidemic. 

Streptococci were isolated in dextrose-brain broth cultures of the 
brain, spinal cord, muscles, ovaries or blood of nearly all the animals 
that died. Congestion of the brain and edema and hemorrhagic infiltra- 
tion of the cauda and the overlying dura, the roots of the lumbar nerves 
and the lumbar or intercostal muscles were found in nearly all of the 
animals. The results obtained with these animals were almost identical 
with those obtained with animals that received the streptococci isolated 
from patients.® 


| 
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Results of Feeding Animals the Water from Which the Streptococci 
Were Isolated ——Feeding the water from which the streptococci were 
isolated, that is, water from the same supply as that used by patients who 
had poliomyelitis, to rabbits for two weeks during the epidemic sufficed 
to cause paralysis with death in 14, or 39 per cent, of 36 young rabbits 
in three to seven days. No apparent ill effects were noted in the animals 
that survived for eight days. Cultures, in dextrose-brain broth, of the 
pipetings of the brain, spinal cord and cerebrospinal fluid of those that 


Fig. 2—(a@) lymphocytic and leukocytic infiltration in and surrounding lumbar 
nerve roots; (b) perivascular lymphocytic infiltration at the base of the brain of 
monkeys following intracerebral and intravenous injection, during the epidemic 
of 1934, of a pooled sample of water containing the streptococci, and (c) peri- 
vascular lymphocytic infiltration at the base of the brain of monkeys following 
inoculation of the brain emulsion containing the streptococci in the fifth animal 
passage. Hematoxylin and eosin; x 100. 


died yielded the streptococci. A mixture of 2 specimens of water 
obtained from the water supply of patients who had encephalomeningo- 
radiculitis with fibromyositis, and from which water the streptococci 
had been isolated, was fed untreated to 12 rabbits and 24 mice, and 
after treatment with tincture of iodine (1: 30,000) to 12 rabbits and 
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24 mice. The tincture of iodine killed the streptococci almost instanta- 
neously. The untreated and the sterilized specimens of the water were 
supplied in the drinking cups or in bottles for seven days, at the end of 
which time the animals were killed with ether and cultures were made 
immediately by placing peritoneal fluid and pieces of tissue about 0.25 cc. 
in volume in dextrose—brain broth. The streptococci were isolated 
from the muscles of 17, from the liver of 17, from the spleen of 24, from 
‘he peritoneal fluid of 7, from the kidney of 9 and from the ovaries of 15 
of the 36 animals that received the untreated specimen of water. In con- 
trast, the streptococci were isolated from the spleen of only 3 mice, from 


Fig. 3—Edema and leukocytic and lymphocytic infiltration (a) of the dura 
over the lumbar region and (b) in and surrounding the lumbar nerve roots 
following intracerebral and intravenous injection of the streptococci referred to 
in figure 1a. Hematoxylin and eosin; x 105. 


the liver of only 1 rabbit and from the muscles, liver, peritoneal fluid, 
kidney or ovaries of none of the 36 animals that received the sterilized 
water. None of the animals of either group became paralyzed. The high 
incidence of isolation of the streptococci from muscles, kidney and ovaries 
is in keeping with the clinical findings in the group of patients with 
encephalomeningoradiculitis with fibromyositis. 

Microscopic Lesions in Injected Animals.—Sections revealed distinct, 
localized lymphocytic and leukocytic, often perivascular, infiltration of 
the meninges, especially of the dura in the lumbar and caudal region, 
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of the lumbar nerve roots and sheaths (fig. 2a) and of the choroid 
plexus in animals that died in from one to five days. Lymphocytic 
infiltration was chiefly found in these regions in animals that died or 
that were anesthetized in from six to ten days after injection. Sections 
of the brain (fig. 2b and c) reveaied perivascular infiltration and other 
lesions typical of encephalitis. Degeneration of ganglion cells in the 
spinal cord and hemorrhage and edema in the anterior and posterior 
horns were common. 


Fig. 4—Hemorrhagic edema and infiltration of fascia and muscles of the 
dorsum of (a) the forearm of a monkey and (b) the foreleg of a rabbit following 
intravenous injection of the streptococci (a@) as isolated from the water and ()) 
after preservation in dextrose-brain broth without transfer for one and a half years. 


Striking as are the statistical figures given in table 2, they do not 
give an adequate idea of the markedly specific effects of the streptococci 
as seen at necropsy. The lesions, especially those of the dura (fig. 3a), 
nerve roots (fig. 3 6), muscles and fascia (figs. 4a and b and 5a and b), 
of the ovaries and less often of the stomach, kidney, ureter and 
bladder, were most striking. The streptococci, usually occurring as 
diplococci, were demonstrated in the lesions of the dura (fig. 6a), nerve 
roots (fig. 6) and fascia and muscles (fig. 6c and d). 


| 
Be 
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The streptococci in some samples of water lived for many months 
when stored in sealed vials in the dark at room temperature. The strep- 
tococci isolated from time to time in dextrose-brain broth and in 


Fig. 5.—Interstitial edema with degeneration and cellular infiltration of muscle 
fibers following intravenous injection of the streptococci (a) into a monkey and 
(b) into a rabbit. Hematoxylin and edsin; x 110 and x 90. 


Fig. 6.—Diplococci in the lesions (a) of the dura shown in figure 3a, (/) in 
the sheath of nerve roots shown in figure 3b, (c) in fascia and muscles shown 
in figure 5a and (d) in muscles shown in figure 56. Modified Gram’s stain; 
x 1,000. 


dextrose-brain agar during the period of storage repeatedly caused 
lesions in animals, chiefly lesions of the dura, nerve roots, fascia and 


Bh. 
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muscles (fig. 4b), but changes in virulence, localization and cataphoretic 
velocity occurred in accord with current epidemics of infections of the 
respiratory tract and other parts of the body. 

The evidence of causal relationship between the streptococci obtained 
from the water and the diseases in question was not limited to morpho- 
logic or cultural characteristics or to virulence. The streptococci obtained 
from both water and patients had respective characteristic distribution 
curves of cataphoretic velocity. Agglutination experiments performed 
by the special methods previously used ® with pooled suspensions of the 
streptococci isolated in 1934 and 1937 from the respective water supplies 
and the serums of patients and of well persons both with and without 
contact with the disease yielded evidence of specificity and causal 
relationship. 

SUMMARY AND CONCLUSIONS 


The results obtained from the application of methods used in other 
studies for the isolation of pathogenic streptococci to the water supply 
during an epidemic of poliomyelitis and to that for a group of patients 
with recurring attacks of encephalomeningoradiculitis and fibromyositis 
are reported. 

Streptococci were isolated more often from samples of water repre- 
senting the central supply of the epidemic area than from water of con- 
trol supplies, and much more often from water samples obtained from 
the very periphery where poliomyelitis occurred and where patients who 
had encephalomeningoradiculitis and fibromyositis were cared for. The 
streptococci isolated from the water supplies for the two groups of 
patients resembled closely the streptococci isolated directly from the 
patients served by the respective supplies. Each group of strains had 
well marked specific virulence and localizing power, demonstrated by 
feeding to and by injecting into animals the water shown to contain the 
streptococci and cultures of the streptococci. The serums of patients 
agglutinated specifically the respective strains of streptococci. 

Isolation of streptococci on ordinary mediums usually was not 
possible. This inability to isolate from the water, by conventional 
methods, streptococci having characteristic virulence is in agreement 
with the fact that the usual methods often do not suffice to isolate the 
causative streptococci from the infected tissues of patients suffering from 
different diseases, especially poliomyelitis and its virus. 

In agreement with epidemiologists ?° and those who routinely checked 
the water supply, the epidemic of 1934 as a whole, judged by the usual 
epidemiologic criteria, almost certainly was not caused by contamination 


10. Leake, J. P.; Cedar, E. T.; Dearing, W. P.; Gilliam, A. G.. and Chope, 
H. D.: Epidemiology of Poliomyelitis in California, 1934, Am. J. Pub. Health 
24:1204-1206 (Dec.) 1934. Stevens.1¢ 
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of the central water supply. The unprecedented high incidence of polio- 
myelitis among physicians and nurses who attended the patients and in 
certain family and other groups and the high incidence of recurrent 
attacks of encephalomeningoradiculitis and fibromyositis during and after 
the epidemic would seem to be attributable to the drinking water. It is 
considered that in acute poliomyelitis occurring during the epidemic the 
streptococcus was an integral part of the infectious process now gen- 
erally attributed to virus and the cause of the unusual manifestations 
and that in the instances of encephalomeningoradiculitis with fibro- 
myositis it was the etiologic agent unassociated with the virus. The 
resulting diseases, however, were certainly not mainly caused by the 
streptococci contained in the central water supply but may have been 
due to peripheral “autogenous” contamination by excreta of the persons 
themselves. 

However, the possibility must be considered that autogenous con- 
tamination of the water by streptococci may have been from the air, for 
I have since isolated streptococci having specific properties from the air 
of rooms occupied by persons with various diseases, including polio- 
myelitis, and from outdoor air during epidemics." 

The mere determination of the existence of back siphonage from 
inadequate water pressure under stress and elevation in relation to cases 
of the disease, according to my results, did not suffice, nor did the colon 
bacillus index, obtained by well established methods of water analysis 
from water collected from central sources. Cultures, animal inoculations 
and cataphoretic and serologic tests, by the methods I used, of water 
obtained from the very periphery were necessary to establish the presence 
of the respective streptococci and their specific virulence. 


11. Rosenow, E. C.: Isolation from the Air of Streptococci and Streptococcal 
Antigens Resembling Those Associated with Certain Epidemic Diseases, J. Bact. 
39:73-74 (Jan.) 1940. 


POSTURAL HYPOTENSION 


A DISEASE OF THE SYMPATHETIC NERVOUS SYSTEM 


EUGENE A. STEAD Jr. M.D. 
AND 

RICHARD V. EBERT, M.D. 
BOSTON 


Man would have syncope while standing upright if it were not 
for certain adaptive mechanisms which tend to maintain a constant 
cerebral blood flow. In the standing position the amount of blood 
present in the upper part of the body is decreased, first, because the 
vascular bed in the portion of the body below the heart is dilated by a 
high hydrostatic pressure * and, second, because the high capillary pres- 
sure causes an increased filtration of fluid from the blood stream and a 
decrease in plasma volume.*? This decrease in blood volume in the upper 
part of the body is compensated for by vasoconstriction and by increase 
in heart rate. In a group of subjects first described by Bradbury and 
Eggleston * in a discussion of postural hypotension, these reactions failed 
to compensate for the pooling of blood and there was a striking fall in 
arterial pressure when the patients were in the upright position. 

Observations were made on 3 patients with marked postural hypo- 
tension in order to obtain further knowledge of the physiologic mechan- 
isms involved. 

METHOD 
Each of these subjects, when effects of changes in posture were to be observed, 


was placed on a tilt table. When the table was tilted upright most of the subject's 
weight rested on the feet, which were supported by an iron upright at the 
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ivot of the table. The heart rate was determined by precordial auscultation or by 
palpation of the radial pulse. The arterial pressure in the arm at heart level was 
measured with a mercury manometer by the auscultatory method. 
The blood flow in the hand and in the foot was measured by plethysmographic 
methods.* The hands and feet were in the plethysmographs at a constant temperature 
for at least thirty minutes before observations were begun. 
The basal blood volume was determined by the method of Gibson and Evans * 
as adapted to the photoelectric microcolorimeter.6 This method, combined with the 
application of arterial tourniquets, was used for measuring the volume of blood 
in the lower extremities, with the subject in the horizontal and in the standing 
position.” 

REPORT OF CASES 
Case 1—A 58 year old man, an Italian laborer, was seen in July 1939. He 
complained of attacks of syncope when he was in the upright position. The attacks, 
of three years’ duration, occurred infrequently, and then usually while the patient 
was at work. During the last six months the attacks had increased in severity and 
frequency, and on three occasions the patient had been injured by falling. He was 
unable to shave while standing because of blurred vision, tremor and syncope. 
Syncope was most easily produced by standing after exercise. At the onset 
of his difficulty the patient became impotent, and at about the same time he 
noted that sweating of the lower extremities had ceased. He had nocturia (urinated 
once each night) but had not noticed an increased output of uriné at night. 
Physical Examination—The subject was well developed and well nourished, 
appearing somewhat younger than 58. The fundi were normal. The heart was 
normal in size; there was a slight apical systolic murmur. The lungs and abdomen 
were normal. The peripheral vessels showed slight thickening. The dorsalis 
pedis and the posterior tibial pulsations were present. In the morning, with the 
subject in the horizontal position, the arterial pressure averaged 90 mm. systolic 
and 60 mm. diastolic; in the afternoon the pressure was always higher, averaging 
160 mm. systolic and 95 diastolic. With the subject in the upright position the 
systolic pressure rapidly fell to 50 mm. of mercury or lower. The heart rate 
increased 30 to 40 beats per minute. If allowed to remain standing, the patient 
developed tremor, ataxia and finally syncope. The laboratory work showed nothing 
abnormal, The red blood cell count was 5,000,000. The hematocrit reading was 
44 per cent. The blood urea nitrogen was 18 mg. per hundred cubic centimeters. 
An electrocardiogram was normal. The Hinton test was negative. 
Course.—The subject was followed for seven months. Though he had no medi- 
cation, his postural hypotension showed considerable variation. On a few occasions 
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he was able to stand for thirty minutes at an angle of 60 degrees without fainting, 
although his systolic pressure remained below 50 mm. throughout. Aside from 
these spontaneous fluctuations there was no change in his condition. 

Case 2—A 56 year old man, an office worker, was seen Dec. 5, 1939. He 
complained of weakness and dizzy spells of six months’ duration. The attacks of 
dizziness always occurred while he was in the upright position, usually after 
climbing stairs or after a long walk. On two occasions he fell to the floor after 
getting out of bed at night. He was unable to shave while standing, because 
of tremor and ataxia. For the past year he had had nocturia from three to four 
times, with difficulty in starting his stream, and had had urinary incontinence on 
several occasions. His family noted some personality changes. The patient 
had not been conscious of any disturbance in sweating. 

Physical Examination—The subject was a short, well nourished, slightly 
euphoric man. The pupils reacted well to light. The vessels of the fundi were 
normal, There was bilateral deafness of the conduction type, with no change in 
the tympanic membranes. The heart was not enlarged, and there were no murmurs 
or irregularity. The radial arteries were somewhat inelastic but not tortuous. 
The prostate was symmetrically enlarged and moderately firm. The deep tendon 
reflexes were definitely hyperactive, and the abdominal reflexes were absent. There 
was unsustained ankle clonus on the left. The Babinski sign was absent. There 
were no sensory changes. The laboratory data were: red blood cell count, 4,300,000; 
hemoglobin, 13.1 Gm.; Wassermann and Hinton tests, negative ; nonprotein nitrogen, 
21 mg. per hundred cubic centimeters; urine normal; phenolsulfonphthalein excre- 
tion, 47 per cent in two hours. The residual urine was 90 to 200 cc. Lumbar 
puncture revealed no abnormal condition. A cystometrogram was interpreted as 
showing normal function of the bladder. Cystoscopic examination showed slight 
enlargement of the prostate with low grade cystitis. The arterial pressure with the 
subject in the recumbent position ranged from 98 mm. systolic and 76 mm. diastolic 
to 125 mm. systolic and 85 mm. diastolic; with the subject in the standing position 
the arterial pressure fell to 58 mm. systolic and 44 mm. diastolic. When the subject 
was tilted to an angle of 60 degrees on the table, the arterial pressure fell almost 
immediately to 50 mm. systolic and 40 mm. diastolic. The heart rate increased 15 
to 20 beats per minute when he was tilted upright. The patient usually had no 
symptoms until systolic pressure fell below 50; then he complained of dizziness. 
Tremor, ataxia and finally syncope followed. 

Course.—The patient had a transurethral prostatectomy on Dec. 20, 1939. After 
this he continued to have incontinence, and his postural symptoms persisted. 

Though he had no medication, his postural hypotension showed considerable 
variation. When last seen, in March 1940, his condition was essentially unchanged. 

eA second cystometrogram, on May 14, revealed that the bladder was very 
hypertonic. After the introduction of 25 cc. of fluid into the bladder, there was 
decided contraction; after the introduction of 100 cc. of fluid, the contraction was 
accompanied with the desire to void. 

Case 3.—A 72 year old man, retired printer, was seen in September 1939. 
He complained of attacks of syncope of two years’ duration. They were character- 
ized by blurring of vision, weakness and loss of consciousness and were precipitated 
by standing or exercise. Although he was never injured by falling, the attacks 
occurred so frequently that he was afraid to go out alone. During the last two 
years he had had urinary incontinence and dribbling. His memory for recent 
events was poor. 
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Physical Examination—The subject was a well preserved man, who appeared 
younger than his stated age. The pupils of the eyes were equal and reacted 
sluggishly to light. The vessels of the fundi were normal. The peripheral vessels 
were soft and compressible. The heart was normal in size, and there were no 
murmurs. The bladder was palpable above the symphysis pubis. There was 
moderate enlargement of the prostate. Knee jerks were present but ankle jerks 
were absent. There were no sensory changes. Laboratory data were: red blood 
cell count, 4,500,000; hemoglobin, 13.4 Gm.; blood urea nitrogen, 15 mg. per 
hundred cubic centimeters; Wassermann and Hinton tests of the blood, positive; 
urine normal. The spinal fluid was normal, and the Wassermann test of the spinal 
fluid was negative. An electrocardiogram was normal. The residual urine was 
600 cc. Cystoscopic examination showed some enlargement of the median lobe of 
the prostate, but this was not considered sufficient to cause organic obstruction. 
The cystometrogram showed evidence of neurologic disease of the bladder, and 
this was thought to be the cause of urinary retention. 

In the morning, with the patient in the recumbent position the arterial pres- 
sure averaged 90 mm. systolic and 60 mm. diastolic; in the afternoon the systolic 
pressure was between 120 and 170 mm. and the diastolic between 80 and 100 mm. 
When the patient stood, the arterial pressure immediately fell, and in three to 
five minutes the systolic pressure usually was below 50 mm. of mercury. When 
the systolic pressure fell below 40 mm., blurring of vision usually occurred. This 
was followed by tremor, loss of consciousness and clonic jerks of the extremities. 
When the patient was again placed in the horizontal position, the arterial pressure 
rapidly returned to the resting level, and the patient recovered consciousness. 
The fall in pressure did not produce any change in heart rate. 


EXPERIMENTS 


Effect of Motionless Standing.—The arterial pressure fell rapidly 
when subjects were tilted upright. The heart rate remained unchanged 
or showed a moderate increase. There were no symptoms or signs of 
impaired cerebral function as long as systolic pressure did not fall 
below 50 mm. of mercury. In certain instances systolic pressures as low 
as 40 mm. were tolerated for ten to fifteen minutes with no apparent 
loss of mental acuity. The first signs of decreased cerebral blood flow 
were slight pallor, blurring of vision, tremor of the hands and inability 
to understand commands. There was no sweating or abdominal dis- 
comfort. If the motionless standing was continued, generalized clonic 
movements of the arms and legs withous tonic spasms occurred. When 
the patient was returned to the horizontal position, consciousness was 
immediately restored and the heart rate and the arterial pressure rapidly 
returned to resting levels. There was amnesia relative to the events 
which had occurred during the latter portion of the standing period. 

Effect of Application of Tourniquets on the Thighs—With the sub- 
jects lying in the horizontal position, pressure cuffs were placed on the 
proximal portions of both thighs and inflated suddenly from a large 
reservoir to a pressure of 250 mm. of mercury. The subjects were then 
tilted to an angle of 60 to 75 degrees. The arterial pressure was main- 
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tained at a much higher level than without the tourniquets. For example, 
in case | after the patient stood for ten minutes with tourniquets on the 
thighs the arterial pressure was 106 mm. systolic and 74 mm. diastolic ; 
without tourniquets the systolic pressure was always below 50 mm. after 
he had stood for this period of time. On release of the tourniquets 
with the subject in the upright position, loss of consciousness and clonic 
movements occurred before the level of the arterial pressure could be 
determined. The results of these experiments agree with those reported 
by previous investigators * and indicate that in the upright position 
pooling of blood in the abdomen alone does not produce a striking fall 
in arterial pressure. 

While 1 subject was in the upright position tourniquets on the upper 
thighs were inflated to 250 mm. of mercury after the arterial pressure 
had fallen below 50 mm. The subject was then returned to the horizontal 
position. The arterial pressure immediately rose to 120 mm. systolic 
and 90 mm. diastolic. Thus the amount of blood pooled in the extremi- 
ties was not by itself sufficient to cause a fall in arterial pressure when 
he was returned to the horizontal position. 

Effect on Postural Hypertension of External Hydrostatic Pressure.— 
If a fall in arterial pressure is produced in cases of postural hypotension 
by the increased hydrostatic pressure in the vascular bed of that portion 
of the body below the heart, this fall should be prevented by applying 
external hydrostatic pressure. This was accomplished in 2 subjects by 
having them stand in water up to the level of the heart. With the water 
at the level of the heart, the arterial pressure and the heart rate were 
essentially the same as when the subjects were in the recumbent position. 
As the level of the water was lowered, arterial pressure fell progressively 
(chart 1). Bjure and Laurell ® studied a group of subjects who showed 
a marked rise in heart rate when they were in the upright position. 
When these subjects stood in water at the level of the heart there was 
no increase in heart rate. 

Quantity of Blood in the Lower Extremities—The experiments 
described clearly show that pooling of blood in both the abdomen and 
the lower extremities is necessary to produce the drop in arterial pres- 
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sure which occurs in the upright position. In normal subjects, how- 
ever, blood is pooled in the lower portion of the body on standing 
without the development of hypotension. The foregoing experiments 
do not reveal whether the fall in arterial pressure in patients with postural 
hypotension is the result of the pooling of a much greater amount of 
blood than occurs in normal subjects or is the result of an abnormal 
response to the pooling of the normal quantity of blood. Therefore, the 
quantities of blood contained in the legs in the recumbent and in 
the standing position were determined. The subjects with postural 
hypotension were tilted to an angle of 75 degrees until syncope was 


WATER 
Lever 
93 


PULSE 66 


A 8 c o 
Chart 1—Effect on arterial pressure and heart rate of standing in water of 
various depths (case 1). In D the patient is out of the water; in A, B and C the 
horizontal line represents the depth of the water. 


imminent, and then the arterial circulation to the legs was occluded. 
The normal subjects were tilted to an angle of 75 degrees for five to six 
minutes before the arterial circulation was occluded. The accompanying 
table shows the result of these experiments. In the recumbent position 
the lower extremities of 2 patients with postural hypotension contained 
13 and 20 per cent, respectively, of the total blood volume. Under 
similar conditions the lower extremities of 2 normal subjects contained 
13 and 19 per cent, respectively. On standing, there was no significant 
difference in the amount of blood pooled in the lower extremities of the 
subjects of the two groups. Therefore, in the subjects studied, the fall 
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in arterial pressure while they were in the upright position was not the 
result of the pooling of an abnormal amount of blood in the lower 
extremities. 

The possibility remained that in the upright position an abnormal 
amount of blood was pooled in the abdomen. If this were true, the 
pooling of the normal amount of blood in the legs might be sufficient to 
overpower the normal compensatory mechanisms and produce a striking 
fall in blood pressure. That this is not the case was shown by experi- 
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Chart 2.—Effect of reactive hyperemia in the lower extremities on the arterial 
pressure and heart rate (case 1). 


ments made with the subjects in the recumbent position, in which 
reactive hyperemia of the lower extremities produced a marked fall in 
arterial pressure when the hydrostatic pressure in the abdomen was 
not increased. Reactive hyperemia in the lower extremities was pro- 
duced by twenty-four minute periods of arterial occlusion. On the 
release of the tourniquets there was a decided fall of arterial pressure 
with a moderate rise in heart rate (chart 2). Control observations on 
normal subjects in the horizontal position showed a slight and transient 
decrease in arterial pressure when reactive hyperemia of this degree was 
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produced. These observations agree with previous ones made on norma! 
subjects.*° The experiments indicate that even with the subjects in the 
recumbent position the removal of a quantity of blood which causes little 
change in a normal subject produces a striking fall in arterial pressure 
in patients with postural hypotension. Therefore, the primary cause of 
postural hypotension is not the pooling of an abnormal amount of blood 
but presumably an abnormal response to the pooling of a normal quantity 
of blood. 
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Chart 3.—The effect of heating the body on the blood flow in the foot. The 
solid line represents case 1; the broken line, case 2. 


Sympathetic Responses in Hands and Feet.—When the subject of 
case 2 was in the recumbent position, the vasomotor reactions in the 
upper and lower extremities appeared nor.nal. On pinching the skin 
of the body, marked vasoconstriction occurred in the hands and feet. 
When he was exposed in a cool room, the hands and feet became cold. 


10. Jarisch, A., and Gaisbéck, F.: Ueber das Verhalten des Kreislaufes bei der 
postanamischen Hyperamie, Arch. f. exper. Path. u. Pharmakol. 139:159, 1929. 
Asmussen, E.; Christensen, E. H., and Nielsen, M.: Die Effektivitat der 
Blutdruckregulation in verschiedenen K6rperstellungen, Skandinay. Arch. f. Physiol. 
81:204, 1939. 
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Heating the body caused an increased blood flow in the extremities 
(chart 3) and generalized sweating. Cooling the body caused the blood 
flow in the extremities to decrease. 

When the subject of case 1 was in the recumbent position, the vaso- 
motor reactions in the upper extremities appeared normal, but those in 
the lower extremities were distinctly abnormal. When he was exposed 
in a cool room for forty minutes, his feet remained warm (skin tempera- 
ture 85 F.) in spite of generalized shivering. When the body was heated 
from an oral temperature of 98 F. to 100.5 F., there was no sweating 
below the ankles and very slight sweating along the anterior surfaces, 
of the legs and thighs. The blood flow in the hand and foot was deter- 
mined with water baths at a temperature of 30 C. The body was cooled 
to an oral temperature of 97.9 F. and then heated to 100.5 F. The flow 
of blood in the hand decreased and increased normally, but the flow in 
the foot did not change (chart 3). The temperature of the water bath 
surrounding the foot was then raised, and the flow of blood immediately 
increased, indicating that the blood vessels responded normally to local 
changes in temperature. In case 3 these studies were not made, but 
it was noted that the subject’s hands and feet became cold when the body 
was exposed in a cool room and that sweating in the hands was normal 
when the body was warm. The sweating reaction in the feet was not 
studied. 

Effect of Standing on Blood Flow of the Hand.—\When the subject 
was in an upright position, the vessels of the hands did not constrict 
normally to a fall in arterial pressure, although the studies with the 
subject in the horizontal position had shown that the peripheral sympa- 
thetic nerves supplying the vessels of the hand were intact. Chart 4 
shows the effect on the blood flow in the hand at 37 C. (98.6 F.) pro- 
duced by tilting the subject of case 2 to an angle of 40 to 75 degrees 
above the horizontal. As the arterial pressure fell, the blood flow 
decreased but never fell below 6 cc. per minute per hundred cubic centi- 
meters of hand. A similar result was obtained in case 1. In normal 
subjects with a smaller sudden fall in blood pressure, the blood flow in 
the hands was nearly zero. 

Effect of Blood Transfusion.—In postural hypotension, in the absence 
of the usual compensatory reactions the increased hydrostatic pressure 
produced when the patient is in the upright position causes the vascular 
bed to be too large to be adequately filled by the normal blood volume. 
If this volume were increased and the vascular system filled, the blood 
pressure should be maintained with the subject in the upright position. 
Chart 5 shows the effect of giving 1,000 cc. of blood to the patient 
described in case 1. He was tilted to an angle of 20 degrees; this was 
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Chart 4.—The effect of the upright position on the arterial pressure, the heart 
rate and the blood flow in the hand (case 2). 
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Chart 5—The effect of transfusion on the arterial pressure and the heart 
rate (case 1). 
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sufficient to cause a fall in arterial pressure and a rise in pulse rate. 
Then the transfusion was started. The arterial pressure rose and the 
pulse rate fell. The subject was then tilted to an angle of 30 degrees; 
this again caused the arterial pressure to fall. The transfusion was con- 
tinued, with a second rise in arterial pressure. 


COM MENT 


The cardiovascular reactions of subjects with postural hypotension 
differ in several respects from those of normal subjects whose postural 
adaptations have been temporarily deranged, by sodium nitrite,"’ by 
acute infections or by loss of blood.’* The fall in systolic and diastolic 
pressure before the onset of symptoms is more rapid and much greater 
than that seen in other types of postural fainting; in the latter the dias- 
tolic pressure tends to be fairly well maintained until just before the 
onset of syncope, although the pulse pressure is very low. The heart 
rate in postural hypotension is unchanged or shows a moderate increase 
as the arterial pressure falls. This increase is usually not as great as 
that which occurs in normal subjects during the early part of postural 
collapse. Subjects with postural hypotension remain symptom free while 
standing, as long as the systolic pressure remains as high as 50 mm. of 
mercury ; normal persons are frequently uncomfortable if the pressure is 
lowered from 120 to 90 mm. of mercury, and marked symptoms usually 
develop when the systolic pressure falls to 80 or 70 mm. Syncope occurs 
in subjects with postural hypotension without the extreme pallor, nausea, 
sweating and slow pulse rate which usually characterize other types of 
postural fainting. The onset of syncope is therefore not unpleasant, and 
subjects do not object to its repeated production. 

Each of 3 subjects studied noted that the attacks of syncope which 
they experienced when in the upright position were precipitated by 
exercise, particularly by walking upstairs. Exercise causes vasodilation 
in the vascular bed of the muscle, so that the extremities hold more blood. 
Normal subjects may faint if they stand motionless after short but 
strenuous exercise;** in persons with postural hypotension, moderate 
exercise without motionless standing may produce symptoms. 

In cases 1 and 3 the attacks of syncope were much more frequent 
in the morning than in the afternoon. In the morning, with the subjects 
resting recumbent, their arterial pressure was around 100 mm. systolic 


11. Weiss, S.; Wilkins, R. W., and Haynes, F. W.: The Nature of Circulatory 
Collapse Induced by Sodium Nitrite, J. Clin. Investigation 16:73, 1937. 

12. Stead, E. A., Jr., and Ebert, R. V.: Unpublished data. 

13. Mateeff, D.: Der orthostatische Kreislaufkollaps—Gravitationsshock 
(Gravity-Shock) beim Menschen nach kérperlicher Arbeit, Arbeitsphysiol. 8:595, 
1935. 
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and 60 mm. diastolic; when they stood, the pressure rapidly fell to 
syncopal level. In the afternoon the subjects frequently had definite 
hypertension while they were in the recumbent position (systolic pres- 
sure around 160 mm.), and though the pressure began to fall immediately 
when they stood, it did not reach the syncopal level as quickly as in the 
morning. The significance of this decided rise in pressure in the after- 
noon is not understood. In interpreting the results of any medication 
this variation must be remembered. 

In postural hypotension there is a fall in arterial pressure when the 
patient is in the upright position because normal vasoconstriction does 
not occur when blood is pooled in the portion of the body below the heart. 
It is not produced by a small total blood volume or by the pooling of 
an abnormal amount of blood as a result of increased hydrostatic pres- 
sure. The absence of normal vasoconstriction in response to a fall in 
arterial pressure is shown by the following observations: (a) There is a 
marked drop in diastolic pressure when the patient is in the upright 
position; (b) marked pallor does not occur; (c) the shunting of a 
given amount of blood into the extremities produces a much greater fall 
in arterial pressure in patients with postural hypotension than in normal 
subjects; (d) for a given decrease in arterial pressure the blood flow in 
the hand is much higher than that in normal subjects, and (e) other 
investigators *» have demonstrated that the fall in arterial pressure is 
not accompanied by a great decrease in cardiac output. 

The absence of vasoconstriction in other parts of the body when the 
vascular bed in one part of the body is dilated is the essential feature that 
distinguishes the clinical syndrome of postural hypotension from that of 
other types of poor postural adaptation. The absence of the postural 
vasoconstriction reflex, however, is frequently accompanied by a tendency 
to a fixed heart rate,** by disturbances in sweating ** and by impotence ;** 
it is less frequently accompanied by loss of reflex vasoconstriction and 
vasodilation in response to changes in body temperature ** and by dis- 
turbances in the function of the bladder.** 

This failure of vasoconstriction in response to a fall in blood pres- 
sure could result from (a) loss of intrinsic tone in the capillaries and 


14. Chew, E. M.; Allen, E. V., and Barker, N. W.: Orthostatic Hypotension: 
Report of Six Cases and Review of the Literature, Northwest Med. 35:297, 1936. 
Bradbury and Eggleston.® 

15. MacLean, A. R., and Horton, B. T.: Myasthenia Gravis with Postural 
Hypotension, Proc. Staff Meet., Mayo Clin. 13:21, 1938. Alvarez and Roth.*¢ 

16. Ganshorn, J. A., and Horton, B. T.: Postural Hypotension: Report of 
Case, Proc. Staff Meet., Mayo Clin. 9:541, 1934. Baker, T. W.: Recognition of 
Orthostatic Hypotension: Report of Case, ibid. 13:169, 1938. 
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arterioles or () interference with the reflexes which regulate the arterial 
pressure. There is evidence that the arterioles and the capillaries were 
functioning normally when properly stimulated, because heat applied 
locally caused vasodilatation in the vessels of the extremities and cold 
applied locally caused vasoconstriction. 

Postural hypotension in these subjects is therefore a disease of the 
nervous system, in which the reflexes that control the level of the 
arterial pressure do not function properly. 

Theoretically, the disease could result from (a) lesions in the afferent 
receptors of the carotid bulb and the aorta, (>) lesions involving the 
spinal efferent tracts, (c) lesions in the sympathetic ganglions or nerves 
and (d) lesions in the autonomic centers in the central nervous system. 

There is considerable evidence that postural hypotension is not the 
result of lesions in the afferent receptor system, although it has been 
demonstrated that postural changes in blood pressure develop in dogs 
after destruction of the carotid sinus and the aortic depressor nerve."’ A 
disturbance in this portion of the postural reflex arc might cause the lack 
of vasoconstriction in response to a fall in arterial pressure, but it would 
not produce the disturbances in sweating, in the regulation of tempera- 
ture and in the function of the bladder which are frequently seen in this 
disease. Ellis and Haynes * found that in postural hypotension pres- 
sure on the carotid sinus produced a fall in arterial pressure and that 
the carotid sinus responded normally when stimulated by cyanide. 

It has been demonstrated that lesions in the spinal cord which break 
the spinal efferent limb of the postural reflex arc may produce postural 
hypotension. Ellis and Haynes *® reported a case in which postural 
hypotension developed after trauma to the upper dorsal part of the spinal 
cord. There is no indication that in the cases reported here the disease 
was caused by lesions in the spinal cord. 

It has been suggested that the fundamental disturbance may be in 
the peripheral sympathetic nervous system,’* since many of the subjects 
with postural hypotension have shown disturbances in sweating and in 
cardiac acceleration as well as failure of the blood vessels to constrict 
when the arterial pressure is lowered. This view is supported by the 
fact that extensive resection of the peripheral sympathetic system 
produces postural hypotension. Marked postural changes in arterial 
pressure have been produced in hypertensive subjects by extensive 


17. Hering, H. E.: Ueber die Blutdruckregulierung bei Anderung der Kérper- 
stellung vermittels der Blutdruckzugler und das Zustandekommen der Ohnmacht 


beim plétzlichen Uebergang vom Liegen zum Stehen, Miinchen. med. Wchnschr. 
74:1611, 1927. 
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sympathectomy *® (resection of the splanchnic nerves and removal of the 
lower portions of the sympathetic chains). Animals which have been 
totally sympathectomized also show a resemblance to the patients with 
postural hypotension in their failure to compensate for sudden changes 
in blood volume. Schlossberg and Sawyer *° reported that a small hemor- 
rhage in a normal cat produces only a transient fall in blood pressure, 
whereas a similar hemorrhage in a sympathectomized animal produces a 
lasting fall in pressure. Completely sympathectomized dogs tolerate a low 
blood pressure better than normal dogs, and for a given level of blood 
pressure the peripheral blood flow is greater in the sympathectomized 
animals than in normal ones.?* 

Postural hypotension can be produced by destruction of the peripheral 
sympathetic nerves and ganglions*® and by extensive damage to the 
spinal cord.*” The studies reported here show that the clinical cases in 
which postural hypotension develops in the absence of operative pro- 
cedures and without extensive lesions in the spinal cord are characterized 
by a disturbance in the function of the sympathetic nervous system. It 
remains to be decided whether this disturbance is in the peripheral 
sympathetic system or in the central connections of the sympathetic 
system. In the cases presented, the data indicate that the disease is 
probably in the central nervous system. This conclusion is based on the 
assumption that all the efferent impulses for vasoconstriction have a 
common pathway below the sympathetic ganglions. If this is true, then 
lack of vasoconstriction in the hands in response to a fall in arterial 
pressure could not have been caused by destruction of the postganglionic 
fibers or their nerve cells, because these nerves were intact, as demon- 
strated when vasoconstriction was produced in the hands by cooling the 
body and by pinching the skin. It is also improbable that in case 2 a 
disturbance in the sympathetic ganglions or nerves would have produced 
such widespread loss of reflex control of blood pressure without causing 
other demonstrable signs of involvement of the sympathetic system. The 
absence of sweating and the disturbance of reflex heat control in case 1 
can be accounted for equally well by lesions in the peripheral sympathetic 
or lesions in the central nervous system. The observations of Ellis and 


19. (uw) Allen, E. V., and Adson, A. W.: Physiologic Effects of Extensive 
Sympathectomy for Essential Hypertension: Further Observations, Ann. Int. Med. 
11:2151, 1938. (b) Smithwick, P.: Technique for Splanchnic Resection for 
Hypertension, Surgery 7:1, 1940. 

20. Schlossberg, T., and Sawyer, M. E. M.: Studies of Homeostasis in 
Normal, Sympathectomized and Ergotaminized Animals: Effect of Hemorrhage, 
Am. J. Physiol. 104:195, 1933. 

21. Freeman, N. E.; Shaffer, S. A.; Schecter, A. E., and Holling, H. E.: 
Effect of Total Sympathectomy on Occurrence of Shock from Hemorrhage, J. Clin. 
Investigation 17:359, 1938. 
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Haynes *” support the conclusion that postural hypotension is produced 
by disease of the central nervous system. They point out that in many 
of the cases described in the literature there have been other signs of 
disease of the central nervous system. Ten of the 17 patients with tabes 
dorsalis whom these authors studied had an abnormal fall in blood pres- 
sure when standing. 

Lesions in the spinal cord, the medulla or the hypothalamus can 
disturb the functions of the sympathetic nervous system. If lesions in 
the spinal cord are responsible for the disease, they must be high enough 
to involve the hands, because the normal vasoconstriction in the hands 
does not occur in response to a fall in blood pressure. The efferent 
pathways in the spinal cord and medulla have not been studied exten- 
sively, and it is not known to what extent dissociation of sympathetic 
functions can be produced by lesions of the efferent sympathetic tracts 
or of their connections. The different portions of the sympathetic system 
do not appear to be widely separated in the medulla, because stimulation 
of a small area in the medulla may call forth a number of sympathetic 
reflexes.** 

On the basis of animal experiments it has been shown that lesions 
in the hypothalamus are more apt to produce disturbances in one portion 
of the sympathetic system without producing complete destruction of 
sympathetic function.** A lesion in the hypothalamus could produce the 
disturbances in sweating and the partial loss of reflex heat control 
observed in the subjects described. It could also account for the dis- 
turbances of the bladder function. It is not known, however, whether 
lesions in the human hypothalamus could produce the loss of the postural 
blood pressure reflex. 

lf postural hypotension in the cases reported here is a disease of 
the central nervous system, the experiments indicate that central lesions 
of the sympathetic nervous system produce signs that are different from 
those caused by removal of the sympathetic ganglions or nerves, just as 
lesions in the sensory cortex produce signs that differ from those caused 
by sectioning the posterior roots. When the sympathetic nerves to an 
extremity are sectioned, all sympathetic reflexes are lost. The cases 
reported here show that a selective disturbance in sympathetic function 
may occur. Reflexes which have a common efferent pathway in the 
peripheral sympathetic system are controlled by different areas in the 
central nervous system. One vasoconstrictor reflex (vasoconstriction in 


22. Chen, M. P.; Lim, R. K. S.; Wang, S. C., and Yi, C. L.: On the 
Question of a Myelencephalic Sympathetic Center: I. The Effect of Stimulation 
of the Pressor Area on Visceral Function, Chinese J. Physiol. 10:445, 1936. 

23. Ransom, S. W., and Magoun, H. W.: The Hypothalamus, Ergebn. d. 
Physiol. 41:56, 1939. 
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response to a fall in arterial pressure) may be destroyed while other 
vasoconstrictor reflexes to the same extremity (vasoconstriction in 
response to cooling the body and to pinching the skin) are functioning. 
It would also appear that in man other sympathetic reflexes, i.e., 
cardiac acceleration to a fall in arterial pressure, vasodilatation and 
vasoconstriction to changes in body temperature and sweating, may be 
selectively affected by lesions in the central nervous system. 


SUMMARY AND CONCLUSIONS 


Patients with postural hypotension do not pool more blood in the 
lower part of the body on standing than do normal subjects under similar 
conditions. The pooling of the normal amount of blood causes an 
abnormal fall in blood pressure. The reflex vasoconstriction, which 
maintains the arterial pressure in normal subjects under similar condi- 
tions, does not occur in patients with postural hypotension. This loss 
of reflex vasoconstriction in response to a fall in arterial pressure is 
the fundamental disturbance in postural hypotension and distinguishes 
it from other types of poor postural adaptation. 

Postural hypotension is a disease of the sympathetic nervous system. 
It cannot be definitely stated whether the involvement of the sympathetic 
system is peripheral or central. The observations reported in this study 
point to the interpretation that the lack of vasoconstriction in response 
to a fall in arterial pressure is produced by a lesion or lesions in the 
sympathetic centers or their efferent tracts in the central nervous system 
rather than by lesions in the more peripheral portions of the postural 
blood pressure reflex arc. In certain patients only the postural vasocon- 
strictor reflexes are affected. If the lesions are more extensive, other 
signs of loss of sympathetic function may be present, such as disturbances 
in sweating, absence of vasoconstriction and vasodilatation in the extremi- 
ties when the temperature of the body is changed and absence of an 
increase in heart rate when the blood pressure is lowered. 


Dr. Soma Weiss gave guidance and criticism in this work. Miss Blanche 
Curtis gave technical assistance. 
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Our use of an aluminum phosphate gel in the therapy of peptic ulcer 
resulted from observations on the effect of aluminum hydroxide gel on 
the absorption of phosphates from the intestine. In a publication * on the 
effect of aluminum hydroxide gel on the well-being and longevity of 
Mann-Williamson dogs, Fauley, Ivy, Terry and Bradley suggested that 
the unfavorable effects of this chemical in such animals might be due 
to an interference with the absorption of phosphates. The present report 
(@) includes data which demonstrate that aluminum hydroxide gel 
interferes with phosphate absorption and () presents the results of the 
use of aluminum phosphate gel in the treatment of experimental and 
clinical peptic ulcer. 

Experimental ulcers were produced in Mann-Williamson dogs. The 
preparation of such an animal includes performing a gastrojejunostomy 
and diverting the pancreatic juice and bile into the terminal portion of 
the ileum (last 20 to 25 cm.). Of 42 dogs so operated on and fed a diet 
of meat, bread, milk and cod liver oil (8 cc. daily), jejunal ulcer devel- 
oped in all and all died in seventeen weeks (average, eleven weeks). 
This experimentally induced ulcer is analogous to the ulcer that some- 
times occurs after gastrojejunostomy in man. The diversion of pan- 
creatic juice and bile to the terminal portion of the ileum in the dog 
markedly increases the incidence of jejunal ulcer. Much experimental 
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work has shown that at least three factors are concerned in the develop- 
ment of this experimental ulcer;* the most important one is the acid 
factor ; another is the nutritional factor, since the diversion of pancreatic 
juice and bile to the lower part of the ileum disturbs intestinal digestion, 
as well as the neutralization of acid chyme, and the third factor is the 
increased sensitivity of the jejunal mucosa to gastric chyme as compared 
with that of duodenal mucosa. 

When aluminum hydroxide was given to Mann-Williamson dogs, 
either four times daily or at hourly intervals from 8 a. m. to 8 p. m., with 
complete control of gastric acidity for that period, the development of 
ulcer was not prevented.’ 

After these animals received aluminum hydroxide for three or four 
weeks anorexia developed. It was thought that the anorexia might 
counteract any beneficial effect the aluminum hydroxide gel might other- 
wise exert. Since anorexia is a conspicuous symptom of phosphorus 
deficiency * and since soluble aluminum compounds in the diet may 
produce rickets and a low level of phosphorus in the blood,* it seemed 
probable that these animals had a phosphorus deficiency. 


ALUMINUM HYDROXIDE AND PHOSPHORUS METABOLISM 


The following data demonstrate the effect of aluminum hydroxide 
on the absorption of phosphates from the intestine. The preparation 


of aluminum hydroxide was the same as that used in previous studies.° 
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The Effect of Aluminum Hydroxide Gel on the Excretion of Phos- 
phorus in the Urine and Feces of Dogs.—The data in table 1 show 
definitely that aluminum hydroxide gel given to normal dogs decreases 
the excretion of phosphorus in the urine and increases the excretion of 
phosphorus in the feces. They illustrate further that when a diet ade- 
quate in phosphorus and calcium is fed phosphorus is retained in the 
body, but that when aluminum hydroxide in relatively large doses is 
administered with such a diet no phosphorus is retained. However, 


TaBLe 1.—Effect of Aluminum Hydroxide Gel on Excretion of Phosphorus 
in the Urine and Feces of Dogs 


Average, 3 Day Periods P in 3 Day 


- — Sample of 
Dog Urinary P, Fecal P, Total P, Dog Urine, 
No. Procedure Gm. Gm. Gm. Comment No. Gm. 
Diet A,* Containing 3.9 Gm. of P and 3.6 Gm. Ca in 3 Days 
lt No Al(OH)s 1.18 161 2.79 P retained 3 1.068 
1.33 2.40 3.7. 0.44Gm. 1.08 


1.21 2.72 3.93 
1.91 

Average 2.16 OA een 

With 130 ce. 0.48 3.48 3.96 No P retained 3 0.68 


5% Al(OH)s 0.29 4.70 4.99 0.32 
2.96 


3.71 


Average 


Diet B, Containing 3.0 Gm. of P and 0.246 Gm. Ca in 3 Days 
No Al(OH): 1.76 P retained 4 


With 130 ce. 0.78 1.58 2.31 P retained 4 0.65 
5% Al(OH)s 


* Diet A contained meat, cereal, vitamins and bone meal; diet B contained beef hearts alone. 
+ Dog 1, on diet A, illustrates the effect of aluminum plus calcium on the diminution of 
phosphorus absorption; dog 2, on diet B, illustrates the effect of aluminum alone. 


when the diet is lean meat, aluminum hydroxide gel in the dose used 
does not materially disturb the retention of phosphorus. It may 
be concluded that when an ordinary diet is fed aluminum hydroxide gel 
interferes with the absorption of phosphates in the dog. 

The Influence of Aluminum Hydroxide Gel on the Urinary Excretion 
of Phosphorus in the Normal Adult Human Subject Receiving a “Light 
Ulcer Diet.”—-Four men were placed on a “light ulcer diet” containing 
approximately 2 Gm. of phosphorus and 2 Gm. of calcium daily. They 
took the diet for twelve days. During the first five days no aluminum was 
administered, and an average of 1.1 Gm. of phosphorus was excreted 
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2.56 0.46 3.02 0.5 Gm. 2.56 
1.4 0.47 1.91 2.10 
2.54 0.76 3.30 2.08 
1.32 2.07 3.39 0.85 
0.64 1,20 1.84 
0.91 1.95 2.86 
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daily in the urine (table 2). During the next seven days a total of 
240 cc. of a 5 per cent aluminum hydroxide gel, divided into three doses, 
was consumed daily with the meals, and an average of 0.44 Gm. of 
phosphorus was excreted daily. Thus, the dose of aluminum hydroxide 
used reduced the excretion of phosphorus in the urine an average of 60 
per cent when a light ulcer diet relatively high in phosphorus (2 Gm.) 
and calcium (2 Gm.) was ingested. 

The Influence of Aluminum Hydroxide Gel on Urinary and Fecal 
Excretion of Phosphorus in a Child with Marble Bone Disease on a Low 
Phosphorus Diet-—A 5 year old child with marble bone disease was 
placed on a low phosphorus diet accompanied by aluminum hydroxide 
therapy with the idea that the progress of the disease might at least 


TasLe 2.—Influence of Aluminum Hydroxide Gel on the Urinary Excretion of 
Phosphorus in Normal Adult Subjects Receiving a Light Ulcer Diet * 


Subject; Gm. P per 24 Hr. 
- 


Comment 


Diet alone containing 2 Gm. P 
by calculation 


1.10 


Diet plus 240 cc. of 5% Al(OH)s 


BBS 


0.56 
0.95 
1.19 
1.01 
1.13 
0.97 
0.68 
0.36 
0.40 
0.38 
0.39 
0.25 
0.12 
0.37 


0.44 


Average 


* Whole milk, 1,000 ce.: 18 per cent cream, 400 cc.; butter, 50 Gm.: white bread, 60 Gm.: 
gelatin, 100 Gm. (dry weight); orange juice, 100 cc.; chicken, 60 Gm.; dry cereal, 20 Gm., and 
potatoes, 200 Gm. 


be retarded. Patients with this disease have an extraordinary tendency 
to retain phosphorus. Inspection of the data in table 3 shows that the 
child on the low phosphorus diet retained phosphorus even when 4 cc. 
of a 5 per cent aluminum hydroxide gel was given four times daily. 
When the dose of aluminum hydroxide was increased to 30 cc. four 
times daily the phosphorus balance became negative. The results show 
that even in marble bone disease a negative phosphorus balance may be 
produced by aluminum hydroxide when the diet is low in phosphorus. 
The Extractign of Phosphorus from the Intestinal Mucosa by a 
Mixture of Aluminum Hydroxide Gel and Hydrochloric Acid.—The 
following typical protocol of an experiment illustrates that in the absence 
of bile and pancreatic juice a mixture of 5 per cent aluminum hydroxide 
gel and tenth-normal hydrochloric acid extracts phosphorus from the 


Day 
1 
2 
‘ 
4d 
5 
Average 
6 
7 
8 
9 j 
10 
ll 
12 
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body fluids: A. A cannula was inserted and the small intestine was 
irrigated with warm physiologic solution of sodium chloride. B. Two 
hours later the intestine was again irrigated and the solution analyzed 
for phosphorus; 3.62 mg. of phosphorus was obtained. C. A mixture 
of 100 ce. of 5 per cent aluminum hydroxide and 200 cc. of tenth-normal 
hydrochloric acid was introduced into the intestine. D. Two hours 
later the mixture was removed and the intestine was irrigated with 
warm physiologic solution of sodium chloride. Forty-one milligrams of 
phosphorus was obtained. When 100 cc. of a 5 per cent aluminum 
hydroxide gel alone was used 16 mg. of phosphorus was obtained. 


TABLE 3.—Jnfluence of Aluminum Hydroxide Gel on Urinary and Fecal Excretion 
of Phosphorus in a Five Year Old Child with Marble Bone 
Disease on a Low Phosphorus Diet * 
Phosphorus Intake 0. 2 Gm. Daily, or 1.0 Gm. in 5 Days 


Phosphorus in Gm. for 5 Day Period 


Five bay 
Urine Feces Total Procedure; Phosphorus Retention 
1 0.55 O31 0.86 Low P diet, 1 Gm. in 5 days 
2 0.55 0.14 0.69 
Average 0.55 0.225 0.775 P retention, 0.225 Gm. 
1 0.35 0.55 0.90 Low P diet plus 1 drachm (3.7 ec.) 5% 
2 0.18 0.99 1.17 Al(OH)s q. i. d. 
3 0.044 0.60 0.644 
Average 0.191 0.71 0.901 P retention, 0.1 Gm. 
1 0.011 1.40 1.411 Low P diet plus 1 ounce (29.57 ce.) 5% 
2 0.006 17 1.706 AM(OH)s q. i. d. 
Average 0.0085 1.55 1.558 P loss, 0.558 Gm. 


* Dr. W. M. Clifton and the staff of the Children’s Memorial Hospital cooperated in the 
metabolic study on the child with marble bones. 


These results show that aluminum hydroxide alone or a mixture of 
aluminum hydroxide and aluminum chloride in the intestines in sufficient 
concentration may extract phosphorus from the mucosa. 

Comment.—The results of the foregoing experiments show, as might 
be predicted, that aluminum hydroxide interferes with the absorption of 
phosphates and under certain conditions can cause a negative phosphorus 
balance. A phosphorus deficiency is not to be expected until the soluble 
aluminum salts, aluminum chloride for example, are in excess of one-half 
the total phosphorus in the diet. When this obtains in rats, chicks, 
guinea pigs and rabbits, the inorganic phosphorus in the blood is likely 
to be reduced.* Conditions that would predispose to the development 
of a negative phosphorus balance on aluminum hydroxide gel therapy 
are not likely to be present for a prolonged period in the patient with 
ulcer. The ordinary ulcer diets contain adequate phosphorus. Still the 
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possibility has to be considered, and it should be carried in mind that 
anorexia, though not pathognomonic of phosphorus deficiency, is a con- 
spicuous symptom of this condition. 

In order to test aluminum hydroxide therapy under controlled condi- 
tions in laboratory animals, the experimental conditions should simulate 
as closely as possible the actual conditions in man ; otherwise the results 
apply only to the experimental animals and cannot be applied interpre- 
tatively to man. In the Mann-Williamson dog a postoperative jejunal 
ulcer develops when the alkaline juices enter the lower part of the ileum. 
This renders the Mann-Williamson dog more susceptible to the produc- 
tion of a phosphorus deficiency by aluminum hydroxide gel than a 
patient, unless the patient has a gastroenterostomy associated with a 
high grade deficiency of pancreatic juice and bile, or has relative hyper- 
secretion of gastric juice, which will change much of the aluminum 
hydroxide gel into aluminum chloride. Aluminum hydroxide forms 
aluminum chloride on reacting with hydrochloric acid, and the alumi- 
num chloride will react with soluble phosphate to form insoluble alu- 
minum phosphate. The absence of the alkaline pancreatic juice from 
the upper part of the intestine might favor the formation of aluminum 
phosphate, since the aluminum would probably exist longer in the form 
of the chloride rather than undergo rapid conversion to the less reactive, 
insoluble aluminum hydroxide. Further, the Mann-Williamson dog, 
like some patients with jejunal ulcer, usually has an increased rate of 
passage through the alimentary canal and loose stools, which predisposes 
to an inadequate absorption of minerals. 

In view of the foregoing considerations, it was pointed out in the 
paper by Fauley, Ivy, Terry and Bradley ' that their results with alumi- 
num hydroxide gel in the Mann-Williamson dog are not necessarily 
applicable to the ordinary human patient with peptic ulcer. It should 
also be evident that in order to test the theoretic therapeutic advantages 
of “aluminum” therapy in our experimental animals, it would be neces- 
sary to use an aluminum phosphate gel. 


PREVENTION AND HEALING OF ULCER WITH 
ALUMINUM PHOSPHATE GEL 


The Aluminum Phosphate Gel Used.—The aluminum phosphate was 
prepared in the form of a gel by precipitating aluminum chloride with 
dibasic sodium phosphate (Na,HPO,), adjusting the py, washing free 
of salt and adjusting the gel to a concentration by chemical analysis, of 
4 Gm. of aluminum phosphate per hundred cubic centimeters of solution.* 
The px of the gel used was about 6.5. One hundred cubic centimeters of 
the 4 per cent gel buffered 100 cc. of tenth-normal hydrochloric acid at 


6. The gel was prepared in quantity for us by Wyeth & Brother, Inc. 
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37 C., a fu of 4.0 (Topfer’s indicator) being used as the end point of 
the titration. More accurately, 30 cc., or 2 equivalents, of the gel raises 
the pu of 150 cc. of tenth-normal hydrochloric acid from 1.0 to 2.4. 
The antacid value of the 4 per cent aluminum phosphate gel (4 per cent 
aluminum phosphate) is slightly less than one-half that of the 4 per cent 
aluminum hydroxide gel (4 per cent aluminum oxide, Al,O,). The 
antacid value of various compounds is shown in figure 1. 

The administration of 120 cc. daily of the aluminum phosphate gel 
to 2 dogs caused a slight increase in the urinary excretion of phosphates. 

Prevention of Ulcer—Both the treated and the control animals 
received a daily diet consisting of 200 Gm. of raw ground pancreas, 
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Fig. 1—Reaction rate of 2 equivalents of various antacids and 150 cc. of tenth- 
normal hydrochloric acid at 37 C. with stirring and use of the glass electrode. 


200 Gm. of raw ground liver, 100 cc. of milk, 450 Gm. of a commercial 
dog food (diet A) and 8 cc. of cod liver oil. The diet was fed ad libitum 
twice daily, at 9 a. m. and 4 p. m. 

Sixteen control animals died with ulcer in from two to five months 
after the operation (Mann-Williamson, with an end to side anastomosis), 
the average time of survival being seventeen weeks. 

Twenty-three treated animals received 100 cc. of the aluminum phos- 
phate at 7 a. m., 12 noon, 5 p. m. and 10 p. m. Ulcer developed in 
only 3, or 13 per cent, of the animals. If one omits the 3 animals which 
died without ulcer under five months, then ulcer developed in 3, or 15 
per cent, of 20 animals (table 4). 

Comment.—-This is a striking result, the best that we have obtained 
with any therapy. 
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Healing of Ulcer——The aluminum phosphate therapy was discon- 
tinued in the case of 2 animals in which an ulcer had not developed 
(verified by exploration) ten months after the Mann-Williamson opera- 
tion. Loss in weight and tarry stools developed in 1 of these animals 
in nine weeks, and in the other in fourteen weeks. On restoration of 
therapy, the ulcer was found (by exploration) to be healed in sixteen 
weeks in the first dog and in eleven weeks in the second dog. This 
procedure was repeated twice on the same dogs. With the third recur- 
rence of ulcer on withdrawal of aluminum phosphate, the ulcer was 
found healed in four weeks (etherization and autopsy) in 1 dog and in 


Taste 4.—Results of the Use of Aluminum Phosphate Gel on Mann- 
Williamson Dogs 


No. of Dogs Time in Months Uleer Cause of Death 


16 control animals 2 to 5, All 
average 17 weeks 


Twenty-Three Animals Treated with AlPO« 


3 animals dying 2, 5.5, 9 All Perforation 

with ulcer * 

3 animals dying 4, 4,45 None Intussusception; intra-abdominal hernia: 

under 5 months meningitis 

7 animals dying 6, 6, 6.5, 6.5, None In 4, pneumonia after an exploratory 

after 5 months 9, 11, 12 operation or distemper;+ in 2, intra-abdom 
inal hernia or adhesions; in 1, abscess of 
the liver 

4 animals.......... 24 None Etherized } 

2 animals.......... 21 None Etherized | All these animals in excellent 

1 19 None Etherized } health, 1 to 3 Ib. (0.5 to 1.3 Kg.) 

| Sea 17 None Etherized | above preoperative weight 

SS 16 None Etherized 

A 13.5 None Died after an exploratory operation; intes- 


tinal obstruction 


* Uleer developed in only 8 of the 23 animals treated with aluminum phosphate gel. 

t An exploratory operation was performed to prove the absence of ulcer. For example, 
such an operation was performed on dog 11 ten months after the initial operation. No ulcer 
was found. Treatment was withdrawn, and tarry stools appeared nine weeks later. Treatment 
was started, and the ulcer was pronounced clinically healed in four weeks. The dog died two 
weeks later from obstruction due to adhesions. The ulcer was healed. 


five weeks (exploration) in the other dog. These results, along with 
those in 8 other dogs, are shown in table 5. Healing was demonstrated 
in all dogs by exploration or by autopsy. Spontaneous remissions of 
an ulcer in Mann-Williamson dogs have not been observed. 

Gastric Analyses—An analysis of the gastric contents of the treated 
animals was made at 11 a. m. on a number of occasions. Free acid was 
uniformly found. Thus, gastric acidity was not completely controlled. 

Nutrition—The general nutrition of the animals was always excel- 
lent, except when the therapy was withdrawn in the experiments on 
healing. All of the animals gained weight under therapy and while 
on treatment were heavier than they were before operation. 

Anemia.—After the animals had received aluminum phosphate gel 
for several months, anemia was observed (table 6), although there was 
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no evidence of the presence of ulcer. It was suspected that the anemia 
was due to iron deficiency, although there is no direct evidence show- 
ing that excessive phosphates in the diet actually interfere with the 
absorption of iron.?’ One would not necessarily expect aluminum phos- 


TaBLe 5.—Results of Aluminum Phosphate Gel Therapy on the Healing of Ulcer * 


No Therapy, Therapy, No. Therapy, Therapy 
Uleer Uleer Uleer Uleer 
Dog t Developed, Healed, Developed, Healed, 
No. Weeks* 


Weeks Weeks Weeks Comment 
1 9 16 6 4 Killed at 20 months; scar found 
2 14 ll 7 6 Exploratory operation; no ulcer 
(exploratory at 24 months 
operation) 
3 16 2 Exploratory operation 1 month later; scar found 
4 ll 10 Exploratory operation 1 month later; scar found 
5 6 8 Exploratory operation 6 weeks later; scar found 
6} 5 10 Exploratory operation; healed scar 
7 9 5 Exploratory operation at 1 month; healed scar found 
8 8 8 Exploratory operation 6 weeks later; scar found 
9 9 7 Exploratory operation 2 months later; scar found 
10 8 8 Died of obstruction at 13.5 months; ulcer healed except 


for an area 1 by 2 mm. 


* The dogs did not have an ulcer nine to eleven and a half months after the beginning of 
the experiment, as shown by exploratory operation. The presence of ulcer was diagnosed by 
loss of weight and by the appearance of anorexia and tarry stools. The healing of ulcer was 
diagnosed clinically by the disappearance of tarry stools and anorexia and by the return to 
the original weight. It was diagnosed anatomically by exploration or by autopsy. 

+ The 20 and 24 months referred to in the case of dogs 1 and 2 means that the dogs were 
observed for that period and then autopsies were performed or they underwent exploratory 
operation and no ulcer was found. Dogs 3 to 9 are still alive at the end of a period of from 
18 to 24 months. 

t In this dog on withdrawal of therapy a second time an ulcer developed which refused 
to heal (exploration) completely. The dog refused to eat raw liver and pancreas, which was 
then fed by force. The ulcer healed in six weeks. 


TABLE 6.—Presence of Anemia and Response to Parenteral Iron Therapy in 
Mann-Williamson Dogs Receiving Aluminum Phosphate 


No. of Hemoglobin, Hematocrit 
Dogs Red Blood Cells Gim./100 Ce. Reading 
Normal for dogs before 30 Range 5,700,000-8,000,000 Range 12-16 Range 41-55 
operation Average 6,900,000 Average 14.5 Average 47.5 
Before iron therapy.......... 12 Range 3,300,000-5,700,000 Range 9.1-13 Range 25-41 
Average 4,700,000 Average 11.0 Average 35.0 
One to 2 months after iron 11 Range 4,800,000-7,200,000 Rangel0.2-143 Range 34-46 
therapy Average 6,330,000 Average 12.7 Average 41.4 
Final, 2 to 4 months on iron ll Range 5,470,000-8,000,000 Range 113-160 Range 35-48 
therapy Average 6,800,000 Average 13.4 Average 42.6 


phate to interfere chemically with the absorption of iron, yet this should 
be determined by actual experiment. 

Since we could not afford to lose time in the management of our 
animals, 35 mg. of iron in the form of a dialyzed preparation of ferric 


7. Brock, J. F., and Diamond, L. K.: Rickets in Rats by Iron Feeding, 
J. Pediat. 4:442, 1934. Day, H. G., and Stein, H. J.: The Effect upon Hemato- 
poiesis of Variations in the Dietary Levels of Calcium, Phosphorus, Iron and 
Vitamin D, J. Nutrition 16:525, 1938. 
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oxide (a 0.5 per cent solution*) was given intravenously each week. 
The hemoglobin content and red cell count returned to control levels 
(table 6). 

It should be noted that the stools of the dogs given aluminum phos- 
phate gel are firm, whereas the stools of untreated Mann-Williamson 
dogs are usually mushy. 

Comment.—We have used various therapeutic agents, such as alkalis, 
gastric mucin, various diets and aluminum hydroxide gel, on Mann- 
Williamson dogs. None has yielded such decisively favorable results 
as aluminum phosphate gel. Gastric mucin is definitely better than 
alkalis and aluminum hydroxide gel, as used by Orndorff, Fauley and 
Ivy,*4 but is inferior to aluminum phosphate gel. The adjunctive role 
played by the diet we use is illustrated by dog 6, table 5. An unfavor- 
able observation is the fact that aluminum phosphate gel in the rela- 
tively large doses used with the animals apparently caused anemia, but 
this condition may tend to occur when aluminum therapy of any sort 
is used with Mann-Williamson dogs. This cannot be decided for alumi- 
num hydroxide gel, since this preparation does not prevent ulcers from 
developing which per se cause anemia. This observation emphasizes 
the predictable fact that the administration of large doses of mineral 
salts which react with the acidic or alkaline juices, whether such salts 
are absorbed or not, interferes with the natural mineral metabolism of 
the body. However, this disadvantage appears to be reduced to a 
minimum by the use of a relatively inert substance, such as aluminum 
phosphate, which buffers acid and has a mildly astringent effect. 

The results with aluminum phosphate gel were so favorable that we 
decided to administer it to patients with peptic ulcer to ascertain if it 
might be of value in their management. 


USE OF ALUMINUM PHOSPHATE GEL IN 
TREATMENT OF PATIENTS 


Duodenal and Gastric Ulcer—All except 6 of the patients were 
treated without rest in bed; 1 of these had a profuse hemorrhage, and 
the others had severe distress which failed to respond to other manage- 
ments. 

An ulcer diet was prescribed during the active stage of the ulcer, 
but it was not carefully followed by one fifth of the patients (dispensary 
patients). During the active stage of the ulcer, a dose of 15 cc., or 
occasionally 30 cc., of aluminum phosphate gel every two hours was 
prescribed. Later in the course of management, a dose of 50 cc. with 
the meals and at bedtime, or 30 cc. six times daily with and between 
meals, was prescribed. 


8. Prepared by Wyeth & Brother, Inc. 
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The type of ulcer treated and the results, except in the 3 cases of 
gastrojejunal ulcers, are shown in table 7. The diagnosis in all cases 
was supported by roentgen examinations. 

The ulcer craters filled in (fig. 2), with 1 exception. This was the 
case of a patient whose condition was diagnosed as “subacute perfora- 
tion” of a duodenal ulcer. This patient was not relieved by any therapy 
and was subjected to operation. Another failure occurred in the case 
o: a patient with duodenal ulcer who had had many recurrences. In 
this instance, night distress was not controlled. He responded to rest, 
mucin and aluminum phosphate gel. Another patient with duodenal 


TasBie 7.—Results of Aluminum Phosphate Therapy in Human Patients 


Patients with duodenal ulcer: total 32; bleeding 24; hemorrhage 2; crater 6 
Patients with gastric ulcer: total 2; bleeding 2; hemorrhage 1; crater 2 
Dose of AlPOs«: 15 ce. every 2 hr. (200 cc. per day), or 50 ce. with meals t. i. d. and at bedtime 


Group I. Patients with first attack 
*C. Poor response to other management but active response to AIPO,... ; 2 
D. Failure to respond completely to any management......................... 0 


Group IT. Patients with numerous recurrences 
A. Complete response to other managements and also to AIPOs............... 13 
*B. Complete response to other managements during previous attacks but not 
during the present attack; complete response to AlPO«.................... 4 


*C. Response to a management during one or two attacks; no response to the 
same management, but active response to a different management during 
succeeding attacks; response to AlPO« during present attack............. s 


D. Incomplete response to all managements, including AlPO................... 4 


* These results are not to be given undue weight, since the severity of different attacks in 
the same patient varies. Lack of response to a management in two to five weeks followed by 
& prompt response to a change in management does not mean necessarily that the second 
management is better than the first, because continuation of the first management may have 
men — if given more time and the psychotherapy of a change or “the new" may be 
involved. 


ulcer had a hemorrhage after fourteen days under treatment with 
aluminum phosphate and an ambulatory regimen. He then responded 
promptly to management with rest, restricted diet, mucin and aluminum 
phosphate. Treatment of a fourth patient with duodenal ulcer was counted 
a failure because he complained of intermittent atypical distress during 
several months of therapy. The same distress occurred regardless of 
the type of management. Since the roentgen signs improved during 
management, hypochondria was suspected. 

An accurate, statistical statement cannot be made regarding the time 
of relief from distress and the disappearance of blood because of the 
variability (twenty-four hours to three weeks) in this relatively small 
series of patients. The hemoglobin content of the blood and the eryth- 
rocyte count were followed in the majority of patients. A tendency 
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to anemia was not observed. A tendency to constipation (hard stools) 
was noted, and some type of liquid petrolatum was rather frequently 
administered. 

Postoperative Gastrojejunal Ulcer—Three patients with marginal 
or jejunal ulcer were available for treatment. The condition of 1 patient, 
during a third recurrence, was diagnosed as “subacute perforation,” 
with rigidity, an elevated temperature and a high leukocyte count. He 
did not respond to mucin and calcium carbonate therapy for one week, 
but responded promptly to aluminum phosphate therapy and became 
ambulatory in ten days. He continued to take aluminum phosphate for 
six months, after which he stopped treatment, and distress returned a 
year later. This recurrence responded promptly to aluminum phosphate 
therapy. The second patient, while on alkaline therapy, was hospitalized 
for a subtotal gastrectomy. Aluminum phosphate was substituted for 


Fig. 2.—The response of a gastric ulcer to aluminum phosphate gel. A, gastric 
ulcer with crater. B, disappearance of crater. This picture was made eight weeks 
after institution of therapy with aluminum phosphate gel combined with a “soft” 
diet under ambulatory management. 


the alkalis, and the patient was sent home after ten days without an 
operation, which still, six months later, with the patient under aluminum 
phosphate management, appears to be unnecessary. The third patient, 
during a third recurrence, responded promptly to aluminum phosphate 
gel. This patient had responded well to gastric mucin during the pre- 
vious recurrences. We hope to study other patients of this type because 
of the similarity of their condition to that in our experimental animals. 


Comment.—With reference to table 7, the results in patients in group 
IC and group II B and C should not be interpreted as indicating that 
aluminum phosphate therapy is superior to other therapies. It must 
be kept in mind that the severity of attacks varies even in the same 
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patient. Lack of response to a management in from two to five weeks 
followed by a prompt response to a change in management does not 
necessarily mean that the second management is better than the first. 
The first management might have been successful if it had been con- 
tinued longer. Also, the possibility of a psychic factor and of a spon- 
taneous remission has to be considered, factors that are not encountered 
in our animal experiments. The results in the patients only indicate that 
aluminum phosphate gel has the promise of being as effective as any 
other similarly acting medicament in the management of peptic ulcer. 
This promise is supported, we believe, by the most decisive results of 
animal experimentation to be found in the literature. As stated before, 
our experimental results do not necessarily imply that aluminum phos- 
phate gel is superior to aluminum hydroxide gel for the management 
of peptic ulcer in man except in the presence of a relative or an abso- 
lute deficiency of pancreatic juice and bile. 


COM MENT 


We were particularly interested in testing aluminum hydroxide gel 
on Mann-Williamson dogs because it was found by Orndorff and his 
associates *4 and by McCann* that such dogs usually manifest a 
continuous secretion of gastric juice, which apparently cannot be con- 
trolled by atropine. This observation suggested (Orndorff and his 
associates *4; Ivy and Bachrach *) that the hypersecretion might be 
due to the elaboration of histamine by the irritated jejunal mucosa 
in amounts too large to be inactivated by the histaminase in the irritated 
mucosa. It was thought that an astringent and demulcent, such as 
aluminum hydroxide, might reduce the irritation and reduce the hyper- 
secretion.* In addition, it would serve as an antacid. We believe, as 
has been suggested by Einsel, Adams and Myers and associates ® that 
the astringent and the demulcent properties of aluminum hydroxide or 
aluminum phosphate, as well as their antacid property, are of therapeutic 
value. It is also possible that they increase the secretion of mucus. But 
how they actually operate to produce a favorable effect is still an open 
question.?° 


8a. Ivy, A. C., and Bachrach, W. H.: An Abnormal Mechanism for the 
Excitation of Gastric Secretion in the Dog, Am. J. Digest. Dis. 7:76, 1940. 

9. Einsel, I. H.; Adams, W. L., and Myers, V. C.: Aluminum Hydroxide 
in the Treatment of Peptic Ulcer, Am. J. Digest. Dis. 1:513, 1934. Adams, W. L.; 
Einsel, I. H., and Myers, V. C.: Aluminum Hydroxide as an Antacid in Peptic 
Ulcer, ibid. 3:112, 1936. Quigley, J. P.; Einsel, I. H., and Meschan, I.: Some 
Effects Produced in the Normal Stomach by the Ingestion of Moderate and Massive 
Quantities of Aluminum Hydroxide Gel, J. Lab. & Clin. Med. 24:485, 1939. 

10. Komarov, S. A., and Krueger, L.: The Effect of Aluminum Hydroxide Gel 
on Gastric Secretion in the Dog, Am. J. Digest. Dis. 7:170, 1940. Footnote 9. 
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SUMMARY 


It was shown previously that aluminum hydroxide gel has no value 
in preventing postoperative jejunal ulcer in Mann-Williamson dogs in 
the presence of a relative deficiency of pancreatic juice and bile. This 
lack of benefit was ascribed to the production of a phosphorus deficiency. 
Data presented in this paper show that aluminum hydroxide gel in rela- 
tively large doses interferes with the absorption of phosphates in man 
and dog. It may produce a phosphorus deficiency in the presence of 
a relative deficiency of pancreatic juice, diarrhea or a low phosphorus 
diet. It should not produce a phosphorus deficiency in the usual patient 
with ulcer on the ordinary ulcer diet, which is relatively rich in phos- 
phorus. 

Aluminum phosphate gel has antacid, astringent and demulcent prop- 
erties analogous to those of aluminum hydroxide gel and does not inter- 
fere with phosphate absorption. It was used, therefore, to give aluminum 
gel therapy a fair experimental trial under rigidly controlled conditions 
and under the most severe test known experimentally, namely, the 
healing of jejunal ulcer in Mann-Williamson dogs. Aluminum phos- 
phate gel administered with a special diet prevented the development of 
ulcer in all but 3 of 23 Mann-Williamson dogs. After an ulcer devel- 
oped, as a result of the discontinuance of aluminum phosphate gel, the 
administration of the gel caused complete healing of the ulcer in 9 of 10 
dogs. This is a striking result. The results of the use of aluminum phos- 
phate gel on a small series of patients with peptic ulcer indicate that the 
preparation has promise of being as effective as any other similarly acting 
medicament in the management of peptic ulcer. Our experimental results 
do not necessarily imply that aluminum phosphate gel is superior to 
aluminum hydroxide gel for the management of peptic ulcer in man 
except in the presence of a relative or an absolute deficiency of pancreatic 
juice, diarrhea or a low phosphorus diet. 


ABSTRACT OF DISCUSSION 


Dr. Jesse L. Bottman, Rochester, Minn.: When Dr. Ivy gives a paper he 
leaves little to be discussed. I should like to emphasize the value of the extensive 
controls for the Mann-Williamson dog, of which Dr. Ivy and associates have 
spoken. In my experience, students in starting out to perform the Mann-Williamson 
operation are almost universally unsuccessful in obtaining ulcers. After more 
experience has been gained, ulcers develop in all the dogs and most of the fornis 
of therapy which at first seemed successful result in failures. I should say that 
the controls that Dr. Ivy and his co-workers have used—the development of ulcer 
in the dog after operation, the curing of the ulcer with the therapy described and 
the cessation of therapy followed by the redevelopment of ulcer—can be taken as 
absolute controls. This is the first method by which absolute cure of an ulcer 
produced in a Mann-Williamson dog has been demonstrated. I should like to ask 
Dr. Ivy a question: In giving substances such as aluminum hydroxide and 
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aluminum phosphate, which he has shown take from the intestine various inorganic 
elements, is it not possible that there are a large number of other substances 
absorbed? Perhaps in these experiments the amount would not be sufficient to 
be serious, but in continued therapy with highly absorptive colloids I believe that 
one is going to get into trouble with undesired absorptions. I have particularly 
in mind the absorption of vitamin B. It could well be absorbed by either the 
aluminum hydroxide or the aluminum phosphate. 

Dr. Hyman I. Gotpstern, Camden, N. J.: In all the experiments as carried 
out on dogs by Dr. Ivy and associates, the element of mental worry and anxiety 
and the resulting effects on the autonomic vegetative nervous system is entirely 
absent. One is now not so sure that the factor of hyperacidity is the all-important 
one from the standpoint of the cause of peptic ulcer. All know that the “go-getter,” 
the hard working fellow, the man who has lost money, the man who is always 
“on the go,” the thinker is the person in whom ulcer of the stomach or duodenum 
develops. 

In recent years one sees a far greater number of duodenal ulcers than gastric 
ulcers, although the duodenal ulcer develops in an essentially alkaline medium. 
All have seen many cases in which ulcers healed in patients with marked hyper- 
acidity. Peptic ulcers do not often develop in patients with continued hyperacidity. 
Some years ago there was considerable interest in attempts to try out other 
antacid and adsorbent remedies, beginning with the work of Greenwald (1923), 
Kantor (1923), Mutch (1936, 1937), Mann (1937), Tidmarsh and Baxter 
(1938), Kramer (1938), Winkelstein, Woldman and Rowland, H. I. Goldstein (1937) 
and others. Five or six years ago I began to replace the so-called Sippy form 
of therapy with other measures, including the use of aluminum hydroxide, kaolin 
(aluminum silicate) and, more recently, magnesium trisilicate. Joannes Scultetus 
used kaolin about three hundred years ago in the treatment of similar gastrointestinal 
disturbances, while Aurelius Cornelius Celsus, nearly two thousand years ago, 
treated ulcers of the stomach and advised an antacid diet! I might mention, too, the 
old report by Sommer (1696) on “De ardore ventriculi” and his use of soda 
for hyperacidity, the discussion by Rivinus (1677) entitled “De acido ventriculi 
fermento,” the use by Richter (1794) of “alkaline and absorbent medicines” and 
a “dieta antacida” and, finally, the employment by Trousseau and Bonnet (1832) 
of sodium bicarbonate in “painful stomach.” The story of ulcer of the stomach 
and duodenum is an old one, and one must not feel disappointed at one’s failure 
to have at this late date complete and accurate knowledge of the cause of ulcer 
and its certain cure. 

I should like to ask Dr. Ivy whether there is any particular advantage in using 
aluminum phosphate in place of aluminum hydroxide in clinical practice or such a 
combination as I have employed during the past three or four years of magnesium 
trisilicate (50 per cent), kaolin (25 per cent) and aluminum hydroxide (25 per 
cent) in helping to avoid the chemical changes which he has discussed. 

While my own experience has been entirely clinical, and not with Mann- 
Williamson dogs, the results in my cases have been better after the use of the 
aforementioned remedies than with the old form of alkaline therapy. 


Dr. I. H. Ernsex, Cleveland: I have used aluminum hydroxide gel for twelve 
years. In a large series of cases I have not seen any deleterious effects, except 
in 2 instances. Both were cases of gastrojejunocolic fistula in which the patients 
were in an emaciated state due partially to the diarrhea with resulting avitaminosis. 
They were placed under treatment with the usual dose of aluminum hydroxide 
gel for several weeks. Instead of improving as one would expect, they became 
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worse. This necessitated their removal from the aluminum hydroxide therapy. 
After small feedings of the usual ulcer diet with high vitamin intake they improved 

At the time I could not explain the failure of these patients to respond to the 
aluminum hydroxide gel therapy, but it can readily be explained by Dr. Ivy’s 
observation that aluminum hydroxide gel causes a disturbance in the phosphorus 
metabolism under certain physiologic conditions. 

In the beginning of aluminum hydroxide therapy there is a slight loss of appe- 
tite. I have noticed this many times. Apparently after ten days this loss of 
appetite disappears, and the patient continues his therapy with no difficulty. This 
may be caused by the disturbance of phosphorus metabolism by the aluminum 
hydroxide. The paper by Dr. Ivy and his associates has been of great interest 
to me. 

Dr. A. C. Ivy, Chicago: With regard to the effect of aluminum gels on 
absorption, there is one point that I neglected to mention. In our animals receiving 
relatively large doses of aluminum phosphate gel there appeared iron deficiency 
anemia, or anemia that we interpreted as iron deficiency anemia on the basis of 
therapeutic results. We injected colloidal iron intravenously, 35 mg. per week, and 
the anemia was controlled. 

We cannot state absolutely that aluminum phosphate interferes with the absorp- 
tion of iron, but there are reasons why large quantities of any phosphate may 
do so. As a matter of fact, when minerals which react with the acid and the 
alkaline juices are introduced in large quantities into the alimentary tract, one 
can expect in the course of time to produce some change in mineral metabolism. 

It is possible for aluminum phosphate or aluminum hydroxide to interfere with 
the absorption of vitamins. Our animals, however, received 200 Gm. of raw ground 
pancreas and 200 Gm. of raw ground liver daily, so they were adequately supplied 
with vitamins. If the vitamin content of the diet is low, then these gels may 
interfere significantly with the absorption of vitamins. I know how important 
the anxiety factor is in the production of peptic ulcer in human beings. I believe 
that the most direct attack on the etiologic agent of peptic ulcer in man, in the 
majority of cases, is to teach the patient how to eat and how to live; he must 
learn to relax and to forget his worries. This is frequently difficult. The ulcer 
that we obtain in the Mann-Williamson dog, in my opinion, is analogous to the 
ulcer that occurs postoperatively in man, after gastrojejunostomy, and our results 
should be most applicable to cases of that type Magnesium trisilicate is a better 
and a cheaper “antacid” than aluminum phosphate gel, but I suspect that in our 
experimental animals we shall not obtain as good results with magnesium tri- 
silicate because it does not possess a mildly astringent property. We plan to test 
the trisilicate on the experimental animal. 


ACUTE SCLEROSING VASCULAR DISEASE WITH 
RENAL CHANGES 


REPORT OF A CASE 


ROLF KATZENSTEIN, M.D. 
AND 
JAMES PETER MURPHY, M.D. 
NEW HAVEN, CONN. 


The clinicopathologic entity of bilateral cortical necrosis of the 
kidneys has been well recognized, especially since the comprehensive 
summary, which included 2 of the author’s own cases, published by 
Ash? in 1933. Many articles presenting more examples of this strange 
condition have appeared since then.? In all the clinical course was 
characterized by one or more of the following features: absence of 
premonitory signs or symptoms of renal damage; acute onset of the 
illness (frequently subsequent to the termination of pregnancy) ; reduc- 
tion or suppression of urinary output; elevation of systolic and diastolic 
blood pressures (in about one half of the cases) ; headache, unconscious- 
ness and convulsions (the last occurring in about one third of the cases ) ; 
vomiting and diarrhea, and a short course, terminating fatally in one to 
nineteen days. Coma usually preceded death. Albuminuria and the 
presence of erythrocytes and casts in specimens of urine examined were 
almost constant observations; nitrogen retention was variable. 

At necropsy the macroscopic appearance of the kidneys was striking. 
The whole or part of the cortical tissue of both organs was swollen, 
opaque, putty colored and well demarcated from the normal medulla by 


From the Department of Pathology, Yale University School of Medicine. 

The clinical data are included with the permission of the Department of Internal 
Medicine, Yale University School of Medicine. 

1. Ash, J. E.: Bilateral Cortical Necrosis of the Kidneys (Angioneurotic 
Anuria), Am. J. M. Sc. 185:71, 1933. 

2. Bowes, R. K.: Renal Cortical Necrosis Associated with Pregnancy, Proc. 
Roy. Soc. Med. 27:1505, 1934. De Navasquez, S.: Histology and Pathogenesis of 
Bilateral Cortical Necrosis of Kidney in Pregnancy, J. Path. & Bact. 41:385, 1935. 
Evans, N., and Gilbert, E. W.: Symmetrical Cortical Necrosis of Kidneys, Am. J. 
Path. 12:553, 1936. Gaspar, I. A.: Bilateral Cortical Necrosis of Kidneys, Am. J. 
Clin. Path. 8:281, 1938. Garvin, C. F., and Van Wezel, N.: Bilateral Cortical Necrosis 
of Kidneys: Report of Case, Arch. Int. Med. 62:423 (Sept.) 1938. Weaver, R. G., 
and von Haam, E.: Cortical Necrosis of Kidney Following Tonsillitis, ibid. 68: 
1084 (June) 1939. 
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an intervening zone of congestion. Microscopically, this cortical necrosis 
was found to replace areas corresponding to the distribution of the inter- 
lobular arteries. These vessels, as well as their branches, had necrotic 
walls and were occluded by thrombi of any variety. Epithelial cells of 
the tubules and, to a varying degree, glomeruli were destroyed. The 
arcuate arteries were spared. 

The onset and progress of the disease in the case herein reported 
closely conform to the clinical picture just described. The pathologic 
findings, however, were unusual and were not in accord with the diag- 
nosis of bilateral renal cortical necrosis. 


REPORT OF CASE 


G. S., an unmarried woman of 22, was admitted to the New Haven Hospital 
on Dec. 22, 1939, in a state of coma which followed several convulsive seizures. 

Family History.—None was obtained. 

Past History.—In September 1938 an appendectomy was performed for “chronic, 
recurrent appendicitis.” The patient complained of “stiffness” of the hand and 
fingers in June 1939. This “arthritis” persisted for seven weeks, during which 
time three teeth were extracted; after the extraction the “arthritis” subsided 
completely. The patient was admitted to another hospital in September 1939, three 
weeks before the terminal illness, because of abdominal distress diagnosed as 
“visceroptosis” and “pylorospasm.” The results of urinalysis and the recordings 
of the blood pressure at that time were within normal limits. 

Present Iliness—Three weeks before her last admission to the hospital the 
patient began to experience severe frontal headaches, accompanied by nausea. One 
week later nocturia appeared and became persistent. Shortly (exact time 
unknown) prior to entrance into this hospital she is said to have had a “sore 
throat” and “sinus trouble.” The night immediately preceding admission she com- 
plained of dizziness and not long thereafter underwent a series of generalized 
convulsions, which were followed in turn by unconsciousness. In this state she 
was brought to the hospital. 

Physical Examination—The temperature was 97 F. (rectal), the pulse rate 
100 to 120 per minute, the respiratory rate 20 per minute and the blood pressure 
210 mm. of mercury systolic and 120 mm. diastolic. 

The patient was comatose and restless. The pupils were equal and responded 
to light and in accommodation. Each optic nerve head was “blurred”; the fundic 
veins were tortuous, but no hemorrhages were seen. The heart was overactive 
but not enlarged; a systolic murmur was heard over the whole precordium. On 
percussion and auscultation both sides of the chest were clear. Examination of 
the abdomen revealed nothing abnormal. There were no definite paralyses. 
The left radial and left patellar reflexes were absent. Positive Babinski and 
Hoffmann responses were not obtained. 

The results of urinalyses made at the time of admission and afterward and 
the values for the chemical constituents of the blood are recorded in the table. 


Course.—Shortly after admission the patient was given paraldehyde rectally 
and a hypertonic solution of magnesium sulfate intravenously. Cultures of material 


3. The abstract of the history in this case was taken from the files of the 
department of internal medicine. 
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from the throat disclosed the presence of a beta hemolytic streptococcus, of an 
unknown group. Two days later the patient was comfortable, but the blood 
pressure (190 systolic and 112 diastolic) had not dropped appreciably. The next 
day the first of several convulsive episodes occurred; these were characterized by 
generalized clonic and tonic movements, without incontinence or pathologic reflexes. 
They were followed by unconsciousness for variable periods. One week after 
admission there was a short period of coma uncomplicated by epileptiform activity 
Recovery from this last episode was rapid, but headache (which had reappeared) 
persisted. Three days later inspection of the eyegrounds revealed bilateral retinal 
detachments and a hemorrhage in the left fundus. The next day the patient 
again had a convulsion, and the temperature was slightly elevated (101 F.). By 
January 11 the patient had lapsed into a deep stupor, in which she remained 
until death. During this time there were continuous “twitchings’” of the eyelids 
and the left thumb, rotary movements of the right hand and dorsal clonic flexion 
of the left foot; severe epileptiform seizures occurred immediately before death. 
She died on Jan. 12, 1940, the fifteenth day of hospitalization. The blood pressure 
had remained constantly around 210 systolic and 120 diastolic. The output of 


Fig. 1—Surface of the kidney. Depressed areas in the cortex, corresponding 
to the distribution of occluded vessels, alternate with zones of elevated, normal 
tissue. 


urine was slightly reduced during the early days of the illness, but was approxi- 
mately two thirds of the fluid intake during the final week. 

Observations at Necropsy.—Examination of the body was performed three 
and one-half hours after death. The skin and the muccus membranes were pale. 
A well healed scar was observed in the right lower quadrant of the abdomen. 
Subcutaneous hematomas were noted around marks of needle punctures in either 
antecubital space and on the anteromedial surface of the left thigh. Both pupils 
were round; the diameter of the right one was 6 mm. and that of the left 4 mm. 
The vulval region was edematous. Two hundred cubic centimeters of clear amber 
fluid was contained within the smooth serosal lining of the abdominal cavity; 
fibrous adhesions bound the cecum to the internal surface of the abdominal parietes. 
Each pleural space contained 200 cc. of clear yellow fluid and was lined by a 
glistening surface. Ten cubic centimeters of turbid yellow fluid was found within 
the intact pericardial envelope. The remnant of the thymus was small. 

The right kidney weighed 150 Gm. and the left 140 Gm.; they were almost 
exactly alike. The fibrous capsules of these organs were thin and could be 
stripped from the cortical surfaces with ease. Many irregularly shaped depressions, 
discoid or roughly rectilinear and dark red, occurred on the surfaces of the 
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kidneys. These areas alternated with ones of smooth, gray-red, well preserved 
tissue. The shape and arrangement of the depressions were reminiscent of the 


scars so frequently seen in the senile kidney (fig. 1). 


Laboratory Data 


Urinalyses * Blood Chemistry 
=] 
gs 88 g gh Ex Es 
8 3 2 = we a4 
= = om 3% ef &s = 
12/29/39 ~—s.«.«...... Q.N.S 4 Several Occa- 0 40 60.3 87.9 8.27 3.83 4.44 
sional 
12/30/39 Acid 1.022 4+ 23eran- 23 Rare 50 00.6 85.5 
ular casts 
12/31/39 Acid 1.005 3+ 0 0 Rare 
1/ 2/40 Alka- 1.007 3+ Ovcea- Rare 0 29 84.2 81.2 6.7, 3.32 3.43 
line sional gran- 
ular cast 
1/5/40 =Alka- 1.008 38+ 0 6 1 2% 86821 79.9 
line 
1/8/40 = Alka- 1.008 2+ 0 Ocea- Occa- 34 70.2 7.0 5.59 2.94 2.65 
line sional sional 
1/10/40 Alka- 1.005 3+ 0 Ocea- Occa- 
line sional sional 


* Tests for sugar and acetone in the urine consistently gave negative results; a sample of 
blood taken on Jan. 8, 1940, contained 8.52 mg. of caleium and 3.11 mg. of phosphorus per 
hundred cubie centimeters. 


Blood Counts 


Neutro- 
Poly- phils, 
Red White mor- Nonseg- Lym- Large 
Blood Hemo- Blood pho- mented pho- Mono- Eosino- Baso- 
Date Cells globin Cells nuclears Forms cytes nuciears phils phils Smear 
12/29/39 5,440,000 165Gm. 39,400 95 15 6 0 0 0 Tmyelocytes 
per 100 white 
blood cells 
1/ 8/40 4,120,000 14.0Gm. 25,700 91 19 7 1 1 0 b5myelocytes 
per 100 white 
blood cells 


12/29/39 Kahn reaction of blood: negative 


1/ 8/40 — - een first hour, 5%; second hour, 13%; third hour, 
10%; total, 
Electrocardiographie report: 3:2 arterioventricular block; abnormal T waves; abnor- 
mal duration of Q-T interval 


1/11/40 Cerebrospinal fluid: diffusely bloody; red blood cells, 10,500 per cu. mm.; total pro- 
teins 81 mg. per 100 ec.; Kahn reaction negative 


When the kidney was sectioned the parenchyma did not bulge from the capsule. 
The width of the cortex in the areas corresponding to the depressions observed 
externally was much reduced. The tissue here was deep red, and the striations 
were distinct. Streaks of the same color extended into the superficial portions of 
the pyramids. The width of the cortex in between these zones was normal; the 
striations were blurred, and the glomeruli were just visible. No gross hemor- 
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rhages were seen anywhere, and no opaque areas suggestive of necrosis could 
be discovered. The medullary pyramids were of the same color as the narrow 
zones in the cortex, and their rays were accentuated by vascular engorgement. 

The main renal arteries, although their lumens were small, had thin, translucent 
walls and an intact intima free of plaques. The interlobar arteries which led to 
the areas of cortical depression had thick walls, and gray, mucoid material almost 
completely occluded their channels. The main renal veins were not thrombosed, 
and their inner linings were smooth. 

The walls of the pelvis and calices were not increased in thickness and were 
lined by pale, intact mucosa. The mucosal surfaces of the ureters and the bladder 
were also well preserved. The muscularis of the latter organ was not increased 
in width. 

The heart weighed 250 Gm. Subendocardial petechiae marred the inner 
surface of the left ventricle. The smallest visible branches of the coronary arteries 
were similar to the arteries of the kidney; the walls were gray and thick, and 
the lumens were absent. Each lung weighed 350 Gm.; the lower lobes were 
edematous and congested. Small deposits of yellow material (atheroma), resembling 
candle drippings in contour, were seen on the internal surface of the aorta, especially 
near the ostiums of vascular branches. 

The tissue of the brain was pale and slightly edematous; the leptomeninges 
were thin and perfectly translucent. There was but little flattening of the con- 
volutions; however, the cerebellar tonsils had herniated through the foramen 
magnum to a slight degree. All the major pial vessels had thin, elastic walls and 
unoccluded lumens. 

When sectioned in a frontal plane, the cerebral hemispheres were found to be 
sprinkled with many petechial hemorrhages, most of which lay in the cortical 
gray matter. The left frontal lobe was especially affected, but there were several 
petechiae in the striate bodies and some in the thalami. It also appeared that 
both the central and the cortical gray matter was involved in another fashion, 
perhaps by ischemia, for the coloration was not homogeneous, but somewhat 
mottled in a manner suggesting necrobiosis. The pons, the medulla and the 
cerebellum appeared not to be involved. There was no dilatation of the ventricular 
system. 

Microscopic Observations —The tissues, except for the brain, were fixed in 
Helly’s modification of Zenker’s solution or in a 10 per cent concentration of 
solution of formaldehyde U. S. P., sectioned at 8 microns and stained with 
hematoxylin and eosin, with Masson’s trichrome stain and with Weigert’s stain 
for elastic tissue. The brain was fixed in a 10 per cent concentration of solution 
of formaldehyde U. S. P. for one week, and after the tissue was properly embedded 
in pyroxylin, representative blocks were sectioned at 20 microns and stained by 
the Nissl technic. 


Small Arteries: The small arteries in the myocardium, spleen, liver, peri- 
adrenal adipose tissue, kidneys, mesentery, intestinal submucosa and wall of the 
urinary bladder had a uniform appearance. (Under this heading are included 
arteries corresponding in size to the rena! interlobar vessels, to those equal in 
magnitude to preafferent arterioles.) The lumens were extremely reduced; this 
reduction was due to the presence of a subendothelial tissue consisting chiefly of 
spindle-shaped fibroblasts and fibrocytes, among which were also seen small, round 
cells. Intercellular edema was present to some degree. Narrowing of the vascular 
lumens varied from constriction by an inward, button-like protrusion of the 
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intima to complete obliteration (fig. 2). Portions or the whole of the muscular 
coat was replaced by this fibroblastic proliferation or by dense, hyalinized scar 
tissue. The internal elastic lamina of the vessel wall was stretched, fragmented 
or completely absent; rarely, however, it was intact (fig. 3). The adventitia 
was thickened by granulation tissue or by hyaline fibrous tissue. Transverse 
section of some especially small vessels disclosed complete destruction of the 
vascular wall and lumen by granulomatous material. 


Fig. 2.—Tangential cut through an interlobar artery. Connective tissue thickens 
the intima and replaces the media; granulation tissue is seen in the adventitia. 
Masson stain; x 50. 


Serial sectioning revealed progress in the severity of the damage in the same 
vessel. Subendothelial thickening visible at one level gave way more distally to 
fibrosis of the media and changes in the adventitia. 


Kidneys: Vascular changes were most striking in the kidneys, of all the organs 
examined. The zones which appeared (macroscopically) dark red and depressed 
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proved on histologic examination to exhibit hyperemia of the glomerular capillaries 
and extreme narrowing of the lumens of the tubules. Rarely, adhesions and organi- 
zation were seen in a tuft, but there was no necrosis, hyalinization or exudation in 
the capsular spaces. Numerous mitoses were seen in the tubules in the epithelial 
cells, which had well stained nuclei and intact cytoplasm. There was also moderate 
increase in interstitial connective tissue, and small vessels distended with erythro- 
cytes were found here. 


Fig. 3—Interlobar artery. The elastic lamella is stretched and fragmented. 
Weigert stain; x 100. 


The areas of the cortex which, in gross appearance, were pale and not 
depressed, contained tubules with fairly wide lumens. The latter were partially 
filled with pink-staining, granular material. The tubular epithelium, in general, 
was high, and the cells had abundant, homogeneous, well preserved cytoplasm 
and well formed, round nuclei. The glomeruli in these regions disclosed a slight 
increase in the number of endothelial cells; the capsular epithelium was frequenily 
seen to be swollen, and in a few capsular spaces there was a small amount of 
light pink, granular debris. Occasionally, the wall of a glomerular capillary 
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showed “fibrinoid” necrosis, as did those of a few afferent arterioles (fig. 4). 
However, the necrotic changes in the afferent vessels and the glomerular capillaries 
were minimal in comparison with the arterial damage. Nowhere in the cortex 
of the kidney was actual necrosis seen. 

Between the tubules of the pyramids there was present a small amount of 
“fibrinoid” material, which may or may not have been intravascular. The epi- 
thelium of the pelvis was several layered, and its individual cells were well 
preserved. There was a small amount of infiltration of round cells in the sub- 
mucosa; the round cells were also found in the adventitia of the small vessels of 


the pelvis. 


Fig. 4.—Glomerulus under high magnification. The afferent arteriole is necrotic 
and is dilated in a “lakelike” fashion. Hematoxylin and eosin; x 200. 


Brain: Here the histolgoic lesions were all referable to the small units of the 
vascular system and were most striking in the cerebral hemispheres. 

Scattered erythrocytes as well as golden granular pigment lay in the edematous 
leptomeningeal spaces. Here and there, vessels of the arteriolar variety exhibited 
extreme swelling and proliferation of the endothelium, the nuclei of the cells 
of the intima being large, oval and lightly stippled, and rarely exhibiting mitoses 
(fig. 5). 

Surrounding many of the cortical and subcortical capillaries, arterioles and 
venules, pink, colloid-like material was seen in the Virchow-Robin spaces, indenting 
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the vascular walls. Here again, especially in the cortex, swelling and proliferation 
of the endothelium were noted. Occasionally, a round area of fresh hemorrhage 
was present in the gray matter (fig. 6). Ganglion cells nearby were seen to be 
undergoing “severe” cell change, being shrunken and dark. Astrocytes were 
swollen (as were the oligodendrocytes), had proliferated and were occasionally 
binucleate. 

Tiny focal areas of neuronal necrobiosis were also found in the cortex, chiefly 
in the superficial (first to third) laminas; here neurons were replaced by clumps of 
astrocytes, as well as microglial cells which had assumed the form of Stabchensellen. 


Fig. 5.—Proliferation of endothelial cells lining a pial arteriole. A mitotic 
spindle is present in the center of the field. Nissl stain; x 700. 


Large mononuclear cells, filled with a green pigment containing iron, clustered 
in the adventitial and in the perivascular spaces of the vessels in the white matter. 
Here, as well, glia cells were massed to form minute nodules, rarely around tiny 
capillary channels. Several “stars” of Hortega cells and astrocytes lay in the 
medullary pyramids. 

One of the acoustic nerves was infiltrated with small, round cells. A group of 
ganglion cells in the cerebellar roof nuclei were shrunken and dark, but there 
was no accompanying glial response. 

Other Organs: The interstitial tissue of the heart was slightly increased and 
somewhat edematous. There was no necrosis and no scarring of the myocardium. 
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In the wall of a single pulmonary vessel, of small size, there was infiltration of 
polymorphonuclear leukocytes. Several arterioles in the pancreas had smudged, 
light pink (with Masson stain), necrotic walls; there was also some interstitial 
fibrosis. The muscularis of the urinary bladder was diffusely scarred in the vicinity 
of the damaged vessels. The malpighian corpuscles of the spleen consisted chiefly 
of “germinal center cells.” Aside from the vascular change previously described, 
no significant histologic alterations were discovered in the liver, adrenal glands 
or small intestine. 
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Fig. 6—Round area of hemorrhage in the cerebral cortex. Shrunken ganglion 
cells and proliferated glia bound the extravasation. Nissl stain; x 60. 


COM MENT 


The principal and, we believe, unique pathologic features in the case 
presented are: (1) virtually exclusive involvement of small arteries 
(most striking in the interlobar vessels of the kidneys); (2) almost 
complete occlusion of the lumens of these arteries by subendothelial 
proliferation of young connective tissue cells; (3) absence of thrombi; 
(4) replacement of smooth muscle cells in the media by fibroblasts and 
fibrocytes, and (5) adventitial granulation. 
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VASCULAR DISEASE 


It is difficult to decide on the proper classification of this process, and 
there is no suggestion, even remote, as to the cause. As emphasized by 
Buerger,* thromboangiitis obliterans is characterized by thrombosis of 
vascular channels, vascularization of the medial coat and a definite 
inflammatory reaction in the adventitial tissues, as well as by other 
features also absent in this case. Periarteritis nodosa (Klotz*) is 
recognizable by the presence of an acute inflammatory cellular infiltra- 
tion in necrotic vessel walls, which are frequently the site of aneurysmal 
formations. None of the vessels described here were thus affected. 
Despite the previously mentioned similarity between the macroscopic 
renal lesions and those commonly seen in the kidneys of elderly people, 
the injured arteries failed to exhibit reduplication of the internal elastic 
lamellae or subendothelial atheromatous deposition and the glomeruli 
in the infarcted zones were not concentrically hyalinized. 

The occasional arteriolar necrosis (kidney and pancreas) is of inter- 
est in the light of experimental production of these lesions (Goldblatt °) 
by renal ischemia. Small intracerebral hemorrhages, vascular changes, 
damage to ganglion cells and glial reaction, all strikingly similar to those 
observed in this patient, have been observed in the brains of nephrec- 
tomized dogs which have been given injections of extracts of kidneys." 


SUMMARY 


An unusual case of vascular disease, occurring in a 22 year old 
woman, is presented. Sclerosing changes in small arteries, without 
thrombosis, characterized the vascular lesions. The cause of the con- 
dition is entirely unknown. Clinically, the illness simulated bilateral 
renal cortical necrosis. Arteriolar lesions (with subsequent cerebral 
injury) were noted, and their possible pathogenesis is commented on. 


4. Buerger, L.: Thromboangiitis Obliterans, Am. J. M. Sc. 186:567, 1908. 

5. Klotz, O.: Periarteritis Nodosa, J. M. Research 37:1, 1917. 

6. Goldblatt, H.: Experimental Hypertension Induced by Renal Ischemia: 
Harvey Lecture, Bull. New York Acad. Med. 14:523, 1938. 

7. Winternitz, M. C., and others: Unpublished data. 
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ESTIMATION OF THE ASCORBIC ACID (VITAMIN (C) 
REQUIREMENT OF AMBULATORY PATIENTS 


GRACE A. GOLDSMITH, M.D. 


ADOLPH T. OGAARD, M.D. 
AND 


DONALD F. GOWE, M.D.* 
NEW ORLEANS 


The daily requirement of the normal person for ascorbic acid is 
difficult to determine accurately, and the minimal and optimal quantities 
needed remain a subject of some controversy at the present time. It 
is generally accepted, however, that the deficiency of vitamin C which is 
of so frequent occurrence in infections and in conditions associated with 
heightened metabolism is due to an increased need for ascorbic acid by 
the body and not merely to a deficient supply in the diet. It seemed to 
us that it should be possible to compare grossly the requirements in 
health and in disease without detailed metabolic experiments. The 
object of this study was to evolve a method by which the ascorbic acid 
requirements of ambulatory patients attending an outpatient clinic could 
be estimated. Our interest in the problem was stimulated by finding a 
vitamin C deficiency to be extremely frequent in persons with bronchial 
asthma, even when their diets appeared to be adequate. In this paper 
are reported the results of studies on a number of essentially normal 
patients, who have been designated a control group. In a subsequent 
paper the findings in cases of bronchial asthma and other allergic condi- 
tions will be presented. 

METHODS 

The method devised for the study of vitamin C requirements consisted of 
placing the subject on a diet low in the vitamin, saturating his body tissues by giving 
him large doses of ascorbic acid 1 and then administering daily an amount of this 
substance which was believed sufficient to maintain saturation. The diet prescribed 
was not devoid of vitamin C, since enough variety was necessary to insure 
observance for several months. Foods containing a large percentage of ascorbic 
acid were omitted (table 1, list 1), while only one food containing moderate 
quantities of ascorbic acid was allowed daily (table 1, list 2). The values for the 
ascorbic acid content of foods were obtained from the tables published by Bessey. 


* Formerly of New Orleans, now of St. Luke’s Hospital, Ponce, Puerto Rico. 
From the Department of Medicine, Tulane University of Louisiana School of 
Medicine, and the Charity Hospital of Louisiana. 
1. Supplied by Merck & Co., Inc. 
2. Bessey, O.: Vitamin C: Methods of Assay and Dietary Sources, J. A. 
M. A. 111:1290 (Oct. 1) 1938. 
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In order to start with comparable tissue stores of ascorbic acid, it was necessary 
to saturate each patient with this substance before placing him on a maintenance 
dose of ascorbic acid. Saturation was accomplished by the administration of 100 
mg. of crystalline ascorbic acid three times daily for one week and 100 mg. twice 
daily for a second week. The continuance of a generous supplement of ascorbic 
acid for a second week allowed comparison of the level of this substance in the 
blood on two occasions and insured tissue saturation. Furthermore, if a marked 
deficiency existed at the onset of the experiment, this would be manifested by a 
retarded elevation of the ascorbic acid in the blood. 
the patient was given 50 mg. of ascorbic acid daily. This amount was chosen some- 
what arbitrarily. The daily requirement to prevent scurvy has been estimated at 
25 to 30 mg.,° and that to maintain saturation, at 70 to 100 mg. We wished to 


TaBLe 1.—Diet Low in Ascorbic Acid 
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After saturation was completed, 


List 1 
Foods Excluded from Diet 


Brussels sprouts 
Cabbage 
Cauliflower 
Citrus fruits 
Lemons 


Horse radish 
Papaya 
Peaches, dried 
Peppers, green or red 
Pineapple 
Rutabagas 
Strawberries 
Tomatoes 
Watermelon 


t 2 
Only One of the Following 
Foods Allowed Dally 


Apricots, dried 
Bananas 

Beef liver, cooked 
Blueberries 
Cherries, sweet 
Corn, sweet 
Cranberries 
Green beans 
Lettuce 

Okra 

Onions 
Radishes 
Sweet potatoes 


persons with pathologic conditions. 


1753 (Nov. 5) 1938. 


Investigation 18:708, 1939. 


tion in Normal Adults, J. Nutrition 17:513, 1939. 


choose the smallest quantity which might keep a normal person saturated on the 
low vitamin C diet prescribed. A barely adequate daily supplement might aid in 
subsequent experiments in detecting small degrees of increased requirement in 


3. Smith, S. L.: Human Requirements of Vitamin C, J. A. M. A. 4114: 


(b) Belser, W. B. 


The quantity of ascorbic acid in the blood plasma during fasting was measured 
at the onset of the experimental period and at weekly intervals thereafter. The 


4. (a) Ralli, E. P.; Friedman, G. J., and Sherry, S.: The Vitamin C Require- 
ment of Man, Estimated After Prolonged Studies of the Plasma Concentration 
and Daily Excretion of Vitamin C in Three Adults on Controlled Diets, J. Clin. 
; Hauck, H. M., and Storvick, 
C. A.: A Study of the Ascorbic Acid Intake Required to Maintain Tissue Satura- 


Asparagus 
Broccoli 
Limes 
Grapefruit 
Oranges 
Collards 
Currants 
Greens 
Mustard 
Spinach 
Turnips 
Green peas, fresh 
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macromethod of Farmer and Abt ® was used for all determinations. When there is a 
constant daily intake of ascorbic acid the level of ascorbic acid in the blood reflects 
the degree of saturation of the tissues with few exceptions, such as in the presence 
of renal damage.® 


RESULTS 


Twelve persons who were attending an outpatient clinic were studied 
for a period of seven to eighteen weeks under the regimen previously 
outlined. These patients either gave no evidence of organic disease or 
had some pathologic condition which would not, to our knowledge, 
appreciably affect the requirement of vitamin C. One possible exception 
(patient 9) will be discussed later. Table 2 gives the pertinent data on 
these patients, who might be designated as a normal or “control,” clinic 
group. The diet prior to this study appeared to have been adequate 
in regard to content of vitamin C for all except 3 persons (patients 1, 
2 and 8). At the onset of the experiment the amount of ascorbic acid 
in the blood during fasting was subnormal, less than 0.4 mg. per hundred 
cubic centimeters, in these 3 persons and in 2 others (patients 4 and 12). 
The minimal normal level of ascorbic acid in the blood is probably 0.4 
mg. per hundred cubic centimeters rather than 0.7 mg. per hundred cubic 
centimeters, as previously accepted, since Ralli, Friedman and Sherry “ 
have shown that normal persons given 50 mg. of ascorbic acid daily are 
without symptoms of deficiency and maintain a concentration of plasma 
ascorbic acid of 0.4 mg. per hundred cubic centimeters. The deficiency 
of vitamin C was not severe in 4 of the 5 patients in whom the level of 
plasma ascorbic acid was low, since saturation was achieved at the end 
of one week, during which time 300 mg. of ascorbic acid was given 
daily. In each of the 7 patients in whose blood the concentration of 
ascorbic acid was above 0.7 mg. per hundred cubic centimeters at the 
time of the original examination, the blood level rose at the end of one 
week to at least 1.4 mg. per hundred cubic centimeters, which level is 
accepted as indicating saturation of the tissues.” At the end of the second 
week of the test period, during which 200 mg. was given daily, the 
concentration of ascorbic acid in the blood had not increased significantly 
in the 11 patients who had shown a marked rise in ascorbic acid content 
after the first week of therapy. This was further evidence that satura- 


5. Farmer, C. J., and Abt, A. F.: Determination of Reduced Ascorbic Acid 
in Small Amounts of Blood, Proc. Soc. Exper. Biol. & Med. 34:146, 1936. 

6. Wright, I. S., and MacLenathen, E.: Vitamin C Saturation: Kidney 
Retention After an Intravenous Test Dose of Ascorbic Acid, Proc. Soc. Exper. 
Biol. & Med. 38:55, 1938. 

7. (a) Van Eekelen, M.: On the Amount of Ascorbic Acid in Blood and 
Urine: The Daily Human Requirements for Ascorbic Acid, J. Biochem. 30: 
2291, 1936. (b) Faulkner, J. M., and Taylor, F. H. L.: Observations on the 
Renal Threshold for Ascorbic Acid in Urine, J. Clin. Investigation 17:69, 1938. 
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tion had been produced. Only patient 8 failed to show a marked increase 
in the concentration of ascorbic acid in the blood at the end of the second 
week. This patient was an elderly undernourished woman with gen- 
eralized arteriosclerosis, whose stores of vitamin C had evidently been 
markedly depleted. The slow rise in the amount of ascorbic acid in 
the blood may have been due in part to deficient absorption or to 
increased destruction in the gastrointestinal tract.* It was not until 
five weeks had elapsed that the ascorbic acid in the blood reached a 
normal level. 

At the end of seven weeks all 12 persons showed more than 1 mg. 
of ascorbic acid per hundred cubic centimeters of blood, which nearly all 
investigators would consider normal and indicative of near saturation. 
At the end of nine weeks, 2 of 8 patients showed a drop in the concen- 
tration of ascorbic acid in the blood to less than 0.7 mg. per hundred 
cubic centimeters, a level considered to be suboptimal by Ralli, Friedman 
and Sherry “ and others.* One of these patients (2) was obese, and 
the other (patient 9) was taking 0.5 grain (0.032 Gm.) of desiccated 
thyroid and was walking several miles each day. The human require- 
ment of vitamin C is considered by some * to be related to body weight, 
but with this Ralli and her co-workers do not agree. There is some 
evidence that exercise increases the requirement. Thyroid, by stimu- 
lating metabolism, would have a similar effect. However, the basal 
metabolic rate in patient 9, who was receiving desiccated thyroid, was 
found to vary from + 4 to — 2 per cent. 

At the end of seven weeks 2 patients (3 and 4) were taken off medi- 
cation and allowed an unrestricted diet. The concentration of ascorbic 
acid in the blood dropped to 0.45 and 0.30 mg., respectively, per hundred 
cubic centimeters at the end of four weeks. This fall was, no doubt, 
largely due to the fact that by this time the patients were habituated to 
a diet low in vitamin C and hence included few foods high in the vita- 
min, even when permitted to do so. When the experimental diet (low 
in ascorbic acid) was resumed and 50 mg. of ascorbic acid again admin- 
istered daily, the level of ascorbic acid in the blood rose so that at the 
end of four weeks it was high normal in patient 3, but it remained sub- 
optimal in patient 4, 0.74 mg. per hundred cubic centimeters. The 
obesity of the latter patient may have increased her requirement of 
vitamin C, with resultant failure of the ascorbic acid in the blood to 
return to a saturation level. 

At the end of the experimental period the 3 patients who were observed 
under an uninterrupted regimen for fifteen, sixteen and eighteen weeks, 


8. Hamel, P.: Ueber die Vitamin C-Bilanz des Menschen: II. Belastungs- 
versuche zur Bestimmung des taglichen Verbrauches und des Sattigungsdefizits, 
Klin. Wchnschr. 16:1105, 1937. Belser, Hauck and Storvick.*» 
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respectively, all showed large amounts of ascorbic acid in the blood, 
varying from 2.05 to 2.45 mg. per hundred cubic centimeters. Two of 
these patients (7 and 11) had multiple complaints, apparently on a 
psychoneurotic basis, as detailed clinical and laboratory studies, including 
tests of renal function, failed to show any abnormal condition. Patient 
10 had essential hypertension of a moderate degree with no evidence of 
renal damage. As far as could be ascertained, these 3 patients observed 
the diet as prescribed. However, this part of the study was carried out 


BLOOD PLASMA ASCORBIC ACID INMG. PER 100GC: 


TIME IN WEEKS 
Ascorbic acid present in the blood plasma of ambulatory patients living on a 


restricted diet, and receiving daily supplements of ascorbic acid consisting of 300 
mg. the first week, 200 mg. the second week and 50 mg. thereafter. 


in the spring and summer, when many foods containing ascorbic acid 
were readily available, and there was probably some increase in the daily 
intake of vitamin C in the food, perhaps enough to account for the high 
levels found in the blood. 

The figure shows graphically the fluctuations in the concentration of 
ascorbic acid in the blood which have already been discussed. During 
the first two weeks of this study, the saturation period, there was a 
precipitous rise in the concentration of ascorbic acid in the plasma. 
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This was followed by a drop in concentration when large daily doses of 
ascorbic acid were replaced by a supplement of 50 mg. After this, in 
spite of large fluctuations, the concentration in the blood remained about 
normal for a period of nine weeks in all except 2 instances. Fluctuations 
may have been largely due to small variations in the amount of ascorbic 
acid in the diet. 

COMMENT 


It is interesting to compare our findings with those reported in several 
recent investigations. Ralli, Friedman and Sherry,** in a study of 3 
adults on carefully controlled diets, estimated the requirement of ascorbic 
acid to maintain saturation to be 100 mg. daily. Belser, Hauck and 
Storvick,*® using a saturation method in a study of 4 subjects, found 
the requirement for adults who weighed 60 Kg. to range from 70 to 
more than 100 mg. daily. The patients in our group received 50 mg. 
of ascorbic acid plus that present in the diet, which was estimated to 
contain probably more than 20 mg. a day. On this regimen, saturation 
was maintained in most instances. 


SUMMARY 


A method is described which may be used to estimate vitamin C 
requirement of ambulatory patients. A diet limited in ascorbic acid 
is prescribed, and at the end of a preliminary period, during which the 
body is saturated with ascorbic acid, a daily supplement of 50 mg. of 
ascorbic acid is administered. The amount of ascorbic acid in the blood 
plasma is determined at weekly intervals. 

In a group of 12 clinic patients who were apparently normal in regard 
to vitamin C nutrition, the level of ascorbic acid in the blood was main- 
tained at or above 1 mg. per hundred cubic centimeters for seven to 
eighteen weeks. There was some evidence that obesity increased the 
vitamin C requirement. 

Prolonged study of the plasma ascorbic acid under a standardized 
regimen may prove of value in comparing the vitamin C requirement of 
persons with various diseases with that of the normal person. 


VITAMIN C (ASCORBIC ACID) NUTRITION IN 
BRONCHIAL ASTHMA 


AN ESTIMATION OF THE DAILY REQUIREMENT OF 
ASCORBIC ACID 


GRACE A. GOLDSMITH, M.D. 


ADOLPH T. OGAARD, M.D. 
AND 


DONALD F. GOWE, M.D.* 
NEW ORLEANS 


The relationship of vitamin C to hypersensitiveness has been the 
subject of numerous investigations in experimental animals, with con- 
flicting and inconclusive results. The few studies of ascorbic acid and 
human hypersensitivity have likewise yielded divergent findings. 
Walzer,’ in a recent review, concluded that no definite role for vitamin C 
in the immunologic mechanism of hypersensitiveness had as yet been 
established. 

Our interest in this subject was stimulated during a study of vitamin 
C nutrition in the clinic and hospital population when we noted that a 
number of patients with bronchial asthma showed a low level of ascorbic 
acid in the blood plasma. Several reports of the use of ascorbic acid 
in the treatment of bronchial asthma have appeared, but no studies have 
been made of the state of vitamin C nutrition prior to therapy. Hoch- 
wald * found that ascorbic acid administered regularly was valuable in 
preventing symptoms of bronchial asthma and, if given intravenously 
in doses of 500 to 1,500 mg., was useful in aborting symptoms. Epstein * 
failed to confirm these results, stating that vitamin C alone was of no 
help in the prevention or cure of asthmatic attacks but that it was a 
valuable adjuvant when used in conjunction with injections of gold salts. 
Hunt * administered 100 mg. of ascorbic acid daily to 25 patients and 


* Formerly of New Orleans; now at St. Luke’s Hospital, Ponce, Puerto Rico. 


From the Department of Medicine, Tulane University of Louisiana School of 
Medicine, and the Charity Hospital of Louisiana. 


1. Walzer, M.: A Critical Review of the Recent Literature on the Dust 
Atopen and on Vitamin C in Relation to Hypersensitiveness, J. Allergy 10:72, 1938. 


2. Hochwald, A., cited by Hunt.* 


3. Epstein, A.: De l’emploi de !a vitamine C dans le traitement de I’asthme 
bronchique, Schweiz. med. Wchnschr. 66:1087, 1936. 


4. Hunt, H. B.: Ascorbic Acid in Bronchial Asthma, Brit. M. J. 1:726, 1938. 
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obtained no effect on the severity or the incidence of attacks. Five 
patients obtained no relief after the intravenous injection of 500 to 800 
mg. of ascorbic acid, and there was no diminution in their requirements 
of epinephrine. Hagiesco and associates* reported good or favorable 
results in 15 of 20 patients with bronchial asthma treated with repeated 
intravenous injections of 200 to 300 mg. of ascorbic acid. The injec- 
tions had a “suspensive action in attacks,” and often after one to five 
injections attacks ceased or became less severe. 

The purpose of this study was to determine the state of vitamin C 
nutrition in bronchial asthma, to learn whether or not there is an 
increased requirement for ascorbic acid in this condition and to deter- 
mine the effect of saturation of the tissues with ascorbic acid and of the 
maintenance of adequate vitamin C nutrition on the number and severity 
of asthmatic attacks. 

Thirty-two patients were studied, 9 of them over a period of eleven 
to thirty-five weeks. Twenty-nine of the patients had bronchial asthma, 
and of these, 17 had hay fever and 4 had urticaria as additional allergic 
manifestations. Two patients with hay fever alone and 1 with urticaria 
as a sole symptom were also included in this investigation. There were 
2 white males, 2 Negro females and 28 white females in the group 
studied. The ages varied from 11 to 60 years. Although these patients 
were attending an outpatient clinic and belong to a low income group, 
the diet appeared to be varied and adequate in most instances. Twenty- 
three of the patients had fresh fruit and vegetables daily, which should 
have provided a satisfactory intake of vitamin C. In 4 instances the 
diet was poor, in 3 it was only fair and in 2 no dietary history was 
recorded. Bronchial asthma had been present for from a few weeks to 
twenty-six years in these patients, but in only 3 was it of less than one 
year’s duration. The patients with hay fever had had this condition for 
from three to forty years. The asthma was seasonal in a few instances, 
but in the majority of patients it recurred throughout the year. Hyper- 
sensitivity to a wide variety of allergens was exhibited by the various 
patients. Asthmatic attacks were often associated with infections of the 
upper respiratory tract. 

The amount of ascorbic acid in the blood during fasting was mea- 
sured in the 32 patients, the macromethod of Farmer and Abt ° being 
used in all determinations. In the 29 cases of bronchial asthma, plasma 
ascorbic acid varied from 0.02 to 1.87 mg. per hundred cubic centi- 


5. Hagiesco, D.; Bazavan, G.; Criscota, M., and Cioranesco, M.: Essais de 
traitement de l’asthme pulmonaire par l’acide ascorbique lévogyre (vitamine C), 
Presse méd. 46:1435, 1938; abstracted, J. A. M. A. 111:1885 (Nov. 12) 1938. 

6. Farmer, C. J., and Abt, A. F.: Determination of Reduced Ascorbic Acid 
in Small Amounts of Blood, Proc. Soc. Exper. Biol. & Med. 34:141, 1936. 
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meters (fig. 1), the mean being 0.410 + 0.051 mg. In only 3 instances 
was the level in the blood above 1.0 mg., which concentration would be 
generally accepted as indicating excellent vitamin C nutrition. In 19 
instances the ascorbic acid in the blood was less than 0.4 mg. per hundred 
cubic centimeters, which level represents in all likelihood the low limit 
of normal. Ralli, Friedman and Sherry * have shown that persons given 
50 mg. of ascorbic acid daily exhibit no symptoms of deficiency and the 
amount in the blood averages 0.4 mg. per hundred cubic centimeters. 
Many previous workers have considered 0.7 mg. per hundred cubic 
centimeters the minimal normal level of ascorbic acid in the blood.* Even 
when the lower value of 0.4 mg. is accepted, 19 of 29 patients with 


Number of Patients 


02 0# 06 08 9 12 18 2p 
Ascorbic Acid in Blood Plasma ,Mgq. per 100cc. 


Fig. 1.—Distribution of the values for ascorbic acid in the blood plasma during 
fasting in 29 patients with bronchial asthma. 


bronchial asthma showed subnormal vitamin C nutrition as judged by 
this test. The 2 patients with hay fever only showed concentrations of 
ascorbic acid in the blood plasma of 0.07 and 0.08 mg. per hundred cubic 
centimeters, and the 1 patient with urticaria alone, a level of 0.37 mg. 
It is difficult to evaluate the foregoing findings, which show such a 
high incidence of vitamin C deficiency in a group of patients with asthma. 


7. Ralli, C. P.; Friedman, G. J., and Sherry, S.: The Vitamin C Require- 
ment of Man, Estimated After Prolonged Studies of Plasma Concentration and 
Daily Excretion of Vitamin C in Three Adults on Controlled Diets, J. Clin. 
Investigation 18:705, 1939. 

8 Smith, S. L.: Human Requirements of Vitamin C, J. A. M. A. 111:1753 
(Nov. 5) 1938. 
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The deficiency could be etiologically related to bronchial asthma, ot i: 
could be the result of the asthmatic seizures. An increased requirement 
for ascorbic acid would explain the findings, or the deficiency might be 
entirely unrelated to the allergic manifestations. Poor absorption from 
the gastrointestinal tract could account for the deficiency. It seemed 
unlikely that an inadequate intake of vitamin C was the complete explana- 
tion of the foregoing observations in view of the good dietary history of 
most of the patients. It is, of course, recognized that such histories are 
often inaccurate. 

Determination of the frequency with which vitamin C subnutrition 
occurred in the general clinic population would aid in the interpretation 
of the data for patients with asthma. The amount of ascorbic acid in 
the blood plasma was measured in a number of persons attending the 
outpatient clinic who had no condition known to be associated with 
subnormal vitamin C nutrition. Patients with infection, hypermetabo- 
lism, diarrhea, ulcer or definite deficiency syndromes were excluded from 
consideration. Diagnoses in this control group included psychoneurosis, 
hypertension, compensated cardiac disease, obesity, hookworm infection 
and diabetes. The ascorbic acid in the blood plasma in 43 patients with 
such conditions varied from 0.07 to 2.40 mg. per hundred cubic centi- 
meters, with a mean value of 0.602 + 0.049 mg. As previously stated, 
the mean for the level of ascorbic acid in 29 persons with asthma was 
0.410 + 0.051 mg. per hundred cubic centimeters. The difference 
between these two means is 0.192 + 0.070. This difference is seen to be 
2.7 times the probable error, which may or may not be significant. A 
larger number of persons will have to be studied for definite evaluation 
of these results. The findings, however, suggest that the low levels of 
ascorbic acid in this group of persons with bronchial asthma may be 
dependent on factors other than an inadequate diet. 

Further studies were made on a few of the patients with asthma. Five 
were given intravenous tolerance tests to determine the degree of satura- 
tion of the body with vitamin C. The results are indicated in figure 2. 
The normal response to 1.0 Gm. of ascorbic acid administered intra- 
venously is the excretion of 400 mg. or more in the urine in the subse- 
quent five hours ® or an increase in the ascorbic acid of the blood plasma 
to at least 7.0 mg. per hundred cubic centimeters in twenty minutes, a 
minimum level of 2.5 mg. being found at the end of two hours and of 


9. (a) Wright, I. S.; Lilienfeld, A., and MacLenathen, E.: Determination 
of Vitamin C Saturation: A Five Hour Test After an Intravenous Test Dose, 
Arch. Int. Med. 60:264 (Aug.) 1937. (b) Portnoy, B., and Wilkinson, J.: Vitamin 
C Deficiency in Peptic Ulcer with Hematemesis, Brit. M. J. 1:554, 1938. (c) Gold- 
smith, G. A.; Ogaard, A. T., and Gowe, D. F.: Vitamin C Nutrition in Pellagra, 
Am. J. M. Sc. 200:244, 1940. 
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1.6 mg. at the end of four hours.*© In 2 patients vitamin C nutrition 
appeared normal, since they excreted more than 400 mg. of ascorbic acid 
in the urine in five hours, but in only 1 of these persons was a normal 
elevation of ascorbic acid in the blood attained. This discrepancy might 
denote a low renal threshold for ascorbic acid in this patient, and, if 
this is the correct explanation, vitamin C subnutrition would be indicated. 
On the other hand, normal tissue saturation with the vitamin may have 
been present and some error made in determination of the ascorbic acid 
in the blood. In 3 patients the results of the intravenous tolerance test 
indicated definite vitamin C deficiency of the tissues. 

Seven patients with bronchial asthma, 5 of whom had hay fever as 
well, 1 patient with hay fever only and 1 patient with urticaria of unde- 
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Fig. 2.—Results of intravenous tolerance tests of vitamin C nutrition in patients 
with bronchial asthma. 


terminated cause were studied over a long period to determine whether or 
not there was an increased requirement for vitamin C. The method used 
was described by us in a previous paper in which the study of a “con- 
trol” group of persons attending an outpatient clinic was reported.*° 
Briefly, it is as follows: A diet low in ascorbic acid is prescribed, and 
the subject is saturated with vitamin C by the administration of 300 mg. 
of ascorbic acid daily for one week ** and 200 mg. daily for a second week. 
After this, 50 mg. of ascorbic acid is given per day throughout the experi- 
mental period. The amount of ascorbic acid in the blood plasma during 


10. Goldsmith, G. A.; Ogaard, A. T., and Gowe, D. F.: Estimation of Ascorbic 
Acid (Vitamin C) Requirement of Ambulatory Patients, Arch. Int. Med., this 
issue, p. 590. 

11. Ascorbic acid was supplied by Merck & Co., Inc. 
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fasting is determined at weekly intervals. The accompanying table 
shows the results of this study. At the beginning of the experiment 4 
of the 7 patients with bronchial asthma showed extremely low levels of 
ascorbic acid in the blood ; that is, it was less than 0.2 mg. per hundred 
cubic centimeters, which is the amount one would expect to find in 
persons with scurvy. After the first week of medication the amount of 
ascorbic acid in the blood had increased to more than 1.2 mg. per hun- 
dred cubic centimeters, indicating approximate saturation of the body 
with this substance, in all cases except 1 (patient 5), in which the level 


Ascorbic Acid in the Blood Plasma of Patients with Bronchial Asthma 


Number 


1 


8 
9 


Diet in Ascorbic Acid 
Weight, Regard to Fast-— 
Age Pounds Diagnosis VitaminC ing 1 2 3 4 5 6 7 8 OH 
31 185 Bronchial Poor 0.15 1.21 1.50 .... No 0.78 1.51 156 1.36 0M Os 
asthma; medi- 
hay fever cation 
41 170 Bronchial Poor 0.16 1.60 1.72 0.99 0.58 .... 0.27 O41 0.45 .... 02 
asthma; 
hay fever 
26 135 Bronchial Good 0.17 1.80 1.79 1.50 0.71 0.52 .... 0.46 0.54 0.51 of 
asthma 
43 198 Bronchial Good 0.44 1.57 1.62 1.30 .... 0.85 0.81 0.85 0.49 0.00 ts 
asthma; 
hay fever 
43 205 Bronchial Fair 0.67 0.90 .... 1.04 0.99 0.80 0.75 .... .... 0.75 0% 
asthma 
46 147 Bronchial Good 0.17 1.24 1.35 1.38 0.77 .... .... .... 0.57 OM 08 
asthma; 
hay fever 
20 110 Bronchial Good 0.52 2.06 1.52 1.45 1.50 1.47 1.55 1.54 1.64 0.87 14 
asthma; 
hay fever 
27 105 Hay fever Fair 0.08 2.51 2.27 1.96 1.06 146 1.10 1.40 1.62 117 ls 
58 120 Urticaria Fair 0.87 O82 1.42 LOSE 


* Three hundred milligrams of aseorbic acid administered daily the first week, 200 mg. daily the second wei 


and 50 mg. daily thereafter. 

- eo with ascorbic acid by administration of 200 mg. daily for two weeks and 100 mg. ds 
ereafter. 

t One hundred milligrams of ascorbic acid administered daily for two weeks. 


was 0.90 mg. Poor intestinal absorption or a marked vitamin C 
deficiency could explain the delayed rise in ascorbic acid in this 1 case. 
At the end of the second week of vitamin therapy there were a small 
increase in the ascorbic acid in the blood in 4 instances and a slight drop 
in 2. The amount of ascorbic acid in the blood was above 1.35 mg. per 
hundred cubic centimeters in each patient, indicating that the tissues 
were fairly well saturated with vitamin C. One (patient 5), through a 
misunderstanding, took 100 mg. of ascorbic acid daily for the second and 
third weeks of the experiment instead of the prescribed amount, and 
the level of ascorbic acid in the blood never rose above 1.04 mg. per 
hundred cubic centimeters. In 5 of the 7 asthmatic patients plasma 
ascorbic acid gradually decreased, so that at the end of seven weeks 
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the level was considerably less than 1.0 mg. per hundred cubic centi- 
meters. The findings are shown graphically in figure 3. 

A similar study of a control group of 12 persons showed that after 
the same interval of time, namely, seven weeks, a level of more than 
1.0 mg. per hundred cubic centimeters of blood was maintained in each 
instance.*® At the end of the ninth week all of the patients with bronchial 
asthma showed less than 1.0 mg. of ascorbic acid per hundred cubic 
centimeters of blood, but in 1 instance this drop was only temporary. 
In the control group, only 2 had shown a similar fall at the end of nine 


Blood Plasma During Fasting, Mg./100 Ce., Measured at Weekly Intervals 


0.67 0.50 .... 0.85 0.42 0.62 0.75 0.46 0.31¢ 1.76 1.59 - 097 0.56 .... 0.62 0.94 - 0.65 

035 . - 0.12 0.21 O15 1.00 1.16 188 

- 0.79 O61 O41 LD 196 105 O88 .... OR 1.17 

0.81 

52 0.74 1.01 0.61 088 0.75 % 1.10 O97 .... .... 177 185 .... 0.75 O92 .... 181 108 .... 

151 1.80 1.90 186 1.72 1.70 .... 192 2.97 

14. 1.57 1.36 141 165 .... 1.34 1.90 1.65 1.64 1.59 1.64 1.44 1.57 2.21 1.66 
weeks. In 4 patients with asthma the decrease in ascorbic acid in the 


blood continued, so that patient 1 had a level of 0.31 mg. per hundred 
cubic centimeters at the end of nineteen weeks, patient 2 had a level of 
0.17 mg. after seventeen weeks, patient 3 had a level of 0.21 mg. after 
twenty weeks and patient 5 had a level of 0.31 mg. at the end of the 
eleven weeks. In patients 4 and 6 the amount of ascorbic acid in the 
blood ranged between 0.6 and 0.9 mg. per hundred cubic centimeters. 
Only patient 7 maintained a normal level in the blood throughout the 
experimental period. Five normal patients were observed for fifteen 
to eighteen weeks. In all except 1 the level in the blood remained above 
1.42 mg., and in that instance there had been an interval of one month 
between the seventh and the eleventh week in which no ascorbic acid had 


been administered. 
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The fact that patients with asthma failed to maintain as high a level 
of ascorbic acid in the blood as did a control group under a similar 
regimen appears to indicate an increased requirement of vitamin C in 
patients with bronchial ashma. Failure of absorption of ascorbic acid 
from the gastrointestinal tract does not seem to be a likely explanation 
of the findings, since saturation of the body by oral administration was 
obtained as readily in patients with asthma as in members of the contro! 
group. 

Four of the patients with asthma were resaturated with ascorbic acid 
at the end of fifteen to twenty weeks by the administration of 200 mg. 
daily for two weeks. After this a maintenance dose of 100 mg. a day was 
instituted and the diet continued. With this daily supplement, 3 of the 
4 persons studied maintained for ten or more weeks a level of ascorbic 
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Fig. 3.—Ascorbic acid in the blood plasma of patients with bronchial asthma on 
a restricted diet supplemented by ascorbic acid. Solid lines indicate ascorbic acid 
levels during a two weeks period of saturation (300 mg. of ascorbic acid daily 
the first week, 200 mg. daily the second week) followed by the administration of 
50 mg. daily. Broken lines indicate ascorbic acid levels during resaturation with 
the substance (200 mg. daily for two weeks) followed by administration of 100 
mg. daily. 


acid in the blood which tended to be above 1.0 mg. per hundred cubic 
centimeters. The occurrence of pregnancy in the fourth patient was, no 
doubt, a contributory factor in the decrease of ascorbic acid in the blood . 
which was observed. 

The patient whose only allergic manifestation was hay fever was able 
to maintain a high level of vitamin C in the blood for thirty-two weeks 
while receiving 50 mg. of ascorbic acid daily. The person with urticaria 
showed a gradual decrease in plasma ascorbic acid to 0.59 mg. per hun- 
dred cubic centimeters at the end of the eighteenth week. Her condition 
was improved during the period in which the level of ascorbic acid in 
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the blood was over 1.0 mg. Rosenberg ** found a subnormal amount of 
ascorbic acid in the blood in 7 cases of urticaria. Therapy with citrus 
fruits resulted in benefit in each instance. 

During the entire experimental period of several months, each patient 
was studied from the standpoint of the number and severity of asthmatic 
attacks. An attempt was made to determine whether or not there was 
any relationship between the amount of ascorbic acid in the blood and 
the asthmatic seizures. It was necessary at times for the patient to take 
epinephrine, ephedrine or aminophylline for relief of the asthma. These 
drugs did not appear to influence the amount of ascorbic acid in the 
blood. Two patients were almost free from symptoms throughout this 
study. Patient 2 had only one asthmatic attack during seventeen weeks 
of observation. However, it is not justifiable to ascribe her well-being 
to the regimen outlined, since her asthma had always occurred largely 
in the fall in association with hay fever. She was studied from December 
to April and might have been free of attacks irrespective of type of 
therapy. Patient 3 had no asthma for thirty-five weeks. Her symptoms 
were of recent origin, and the first asthmatic attack occurred only a few 
weeks before this study was instituted; hence her freedom from symp- 
toms may have been unrelated to the experimental regimen. Patients 1, 
4, 5 and 6 all had severe asthma of long duration prior to this investiga- 
tion. Attacks had occurred almost daily, and ephedrine, epinephrine 
or aminophylline was used for relief. Patient 1 had had almost con- 
tinuous asthma for four weeks prior to the institution of therapy with 
ascorbic acid. After the second week of this study, at which time the 
ascorbic acid in the blood reached 1.5 mg. per hundred cubic centimeters, 
she was free of attacks for five weeks; then one asthmatic seizure 
occurred. The plasma ascorbic acid, which was at this time 1.56 mg. 
per hundred cubic centimeters, fell gradually to 0.31 mg. at the nineteenth 
week. She was, however, symptom free until the twelfth week, when a 
visualization of the gallbladder was performed. The ingested dye initiated 
a series of asthmatic attacks, which continued until the twentieth week. 
During this interval the patient became pregnant, which may have 
partially accounted for a change in the number of asthmatic attacks as 
well as for the diminution of ascorbic acid in the blood. At the twentieth 
week she was given 200 mg. of ascorbic acid daily for two weeks and 
100 mg. daily thereafter, with the result that the body was again sat- 
urated with vitamin C, the level of ascorbic acid in the blood reaching 
1.5 mg. per hundred cubic centimeters. The asthmatic attacks ceased 
until the twenty-fourth week, when she had several mild seizures. The 


12. Rosenberg, W. A.: Vitamin C Deficiency as a Cause of Urticaria, Arch. 
Dermat. & Syph. 37:1010 (June) 1938. 
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level of ascorbic acid in the blood had decreased to 0.56 mg. per hundred 
cubic centimeters. In the next four weeks she had only one slight 
seizure, and the plasma ascorbic acid rose to 0.94 mg. In the thirtieth 
week she again had several asthmatic attacks, and there was a con- 
comitant drop in the level of ascorbic acid in the blood. Although this 
level continued to fall, she remained free of attacks during the thirty- 
first week. 

Patient 4 had daily attacks of asthma before and during this period 
of study. They were especially severe in the seventh to the tenth week, 
at which time the level of ascorbic acid in the blood was lower than that 
previously observed. After the fifteenth week the patient was resaturated 
with ascorbic acid by taking 200 mg. of the substance daily for two weeks, 
and 100 mg. for the remainder of the experiment. She was free of 
asthma for eight weeks, but from the twenty-fourth to the twenty-seventh 
week she had two or three mild attacks weekly. At this time there was 
a slight fall in the concentration of ascorbic acid in the blood. In the 
last three weeks of the study slight edema on the basis of chronic 
nephritis also developed. 

‘Patient 5 had frequent asthmatic attacks, which were not changed 
either in frequency or in severity in any way during the period of 
observation. The level of ascorbic acid in the blood in this patient was 
never elevated to more than 1.04 mg. per hundred cubic centimeters. 

Patient 6 stated that after the institution of ascorbic acid therapy 
her asthmatic attacks became less severe, but that the frequency was 
unaffected, except that from the tenth to the twelfth week of observation 
she had no seizures. During this interval the ascorbic acid in the blood 
was definitely subnormal, a finding at variance with the results for the 
other patients already discussed. After the twelfth week asthmatic 
seizures of varying intensity again occurred at frequent intervals. 

Although patient 7 was observed for twenty-one weeks, she had only 
two mild asthmatic attacks. She stated that her usual fall hay fever, 
which appeared while she was being studied, was less severe than in the 
preceding year. The ascorbic acid level in the blood remained high 
throughout the experimental period. 

In summary, there appeared to be some relationship in patients 1 
and 4 between the level of ascorbic acid in the blood and the asthmatic 
attacks. When seizures were frequent the ascorbic acid in the blood 
was usually found to be low. This decrease may have been either the 
result of attacks or a condition etiologically related to them, but the 
former appears more likely. Patients 1 and 4 also seemed to show 
definite improvement when the body was saturated with vitamin C. A 
relatively large amount of vitamin C in the body tissues was of possible 
but doubtful benefit in 4 other patients. The status of the remaining 
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patient was unchanged during the period of observation, but saturation 
of the body with ascorbic acid was not maintained for any period of time. 

A few of the findings in 6 additional patients who could not be 
included in the study reported here, either because of failure to follow 
the outlined regimen or because of cooperation for only a short interval, 
are worthy of comment. One patient who was observed for five weeks 
showed a drop in the level of ascorbic acid in the blood from 1.25 mg. 
after saturation to 0.9 mg. per hundred cubic centimeters and experienced 
more asthmatic attacks at the latter level. Another patient was free of 
seizures for three weeks, during which time the level of ascorbic acid in 
the blood was above 1.0 mg. One attack occurred during the fourth 
week, and the level of plasma ascorbic acid was found to be 0.72 mg. 
There was again a rise, so that at six weeks the amount in the blood was 
1.05 mg. per hundred cubic centimeters. In a third patient, who was 
seen for only three consecutive weeks, the ascorbic acid in the blood 
measured 1.20 mg. per hundred cubic centimeters at the second week 
and 0.77 mg. at the third week, a rapid fall. His asthma was extremely 
severe and was not improved when the body was saturated with vitamin 
C. Two patients were observed for a number of weeks, but failed to 
follow the prescribed diet or to take the medicament regularly. In both 
of them the ascorbic acid in the blood was always above 1.0 mg. per 
hundred cubic centimeters. One patient reported a diminution in the 
severity of the asthma while she was taking ascorbic acid; the other 
experienced no effect. An interesting finding was reported by a sixth 
patient with severe asthma. She stated that after receiving 300 mg. 
of ascorbic acid daily for a week she was able to sleep for the first time 
in months. During this time the level of ascorbic acid in the blood rose 
from 0.62 to 1.60 mg. per hundred cubic centimeters. 

Ascorbic acid was injected intravenously in doses of 1 Gm. to 2 
patients during acute attacks of bronchial asthma. One patient, whose 
asthmatic attack had lasted forty-eight hours and had been unaffected by 
epinephrine, ephedrine or aminophylline, was free of symptoms for 
twenty-four hours after the injection of ascorbic acid. The other patient 
obtained temporary relief, which lasted only a few hours after the intra- 
venous therapy. 

COMMENT 

The data presented indicate that there may be an increased require- 
ment of vitamin C in patients with bronchial asthma. It is interesting 
to speculate in regard to the cause of such an increase. The organism 
appears to need more ascorbic acid in states of heightened metabolism. 
There is some evidence that exercise increases the requirement. The 
labored breathing during asthmatic attacks involves considerable mus- 
cular effort and might also cause a temporary elevation in the metabolic 


4 


608 ARCHIVES OF INTERNAL MEDICINE 


rate. Harrison ** has shown that the labored breathing associated with 
the dyspnea of heart failure is one factor in the production of an elevated 
basal metabolic rate in that condition. There have been numerous 
reports which indicate that in infections the ascorbic acid requirement is 
increased. This increase may not be entirely due to fever, since even 
in chronic infections, such as sinusitis, vitamin C subnutrition may be 
found. Asthma appears at times to be closely related to infection, which 
may be localized primarily or secondarily in the bronchi or may be 
present in some focus elsewhere in the body. 

Possibly an increased need of ascorbic acid in asthma is intimately 
related to the allergic reaction, although no conclusive data can be cited 
in this regard. It is also possible that the apparent increase in vitamin C 
requirement in the group of patients with asthma included in this report 
was unrelated to the asthmatic state and dependent entirely on extraneous 
factors. 

SUMMARY 


The amount of ascorbic acid in the blood plasma during fasting 
averaged 0.410+0.051 mg. per hundred cubic centimeters in 29 persons 
with bronchial asthma, a subnormal level being found in 19 instances. 
The mean level of ascorbic acid in a comparable “control” group of 43 
patients was 0.602 + 0.049 mg. per hundred cubic centimeters. 

During a period of several months on a standardized regimen, 6 of 7 
patients with bronchial asthma were unable to maintain a level of ascorbic 
acid in the blood of 1.0 mg. per hundred cubic centimeters or more, 
whereas members of a control group previously studied under the same 
regimen maintained such a level in most instances. This is interpreted 
as indicating an increased requirement of vitamin C in the patients with 
asthma. 

There appeared to be some relationship between the amount of 
ascorbic acid in the blood and the frequency and severity of asthmatic 
attacks in 2 patients. When the body was saturated with ascorbic acid 
the condition of these persons was much improved. In 5 other patients 
the asthma was not influenced appreciably by the administration of 
ascorbic acid and any beneficial effect noted was probably nonspecific. 


13. Harrison, T. R.: Failure of the Circulation, Baltimore, Williams & Wilkins 
Company, 1939, p. 309. 


JEJUNAL (ANASTOMOTIC) ULCER 


A CLINICAL AND PATHOLOGIC STUDY WITH REPORT OF 
EIGHT CASES ENCOUNTERED IN 13,000 NECROPSIES 


M. M. MONTGOMERY, M.D. 
AND 
J. D. KIRSHBAUM, M.D. 


CHICAGO 


In recent years there have been many contributions to the literature 
on gastrojejunal, or anastomotic, ulcer. However, few studies of the 
lesion as encountered during postmortem examination have been reported. 
Our study concerned 8 cases observed in a series of 13,000 consecutive 
necropsies performed from 1929 to 1940 at the Cook County Hospital. 
Two of our cases were included in a paper by Portis and Jaffé.* 

Primary jejunal ulcer is rare. Judd? in 1921 stated he had never 
seen a case and questioned its occurrence. Ebeling * in 1933, under the 
title of “Primary Jejunal Ulcer,” reported a case in which diagnosis was 
made by roentgen examination prior to operation and enumerated 46 
other cases reported from 1827 to 1932. However, the ulcers in these 
cases were primary in the sense that they were not secondary to gastro- 
jejunostomy. The author expressed the belief that the primary etiologic 
agent of jejunal ulcer included typhoid fever, bacillary or amebic 
dysentery and possibly syphilis. Misplaced gastric mucosa has been 
suggested as the etiologic basis in some cases. In many of the earlier 
cases the condition was reported as peptic ulcer, but this diagnosis is 
open to question. 

Jejunal or gastrojejunal ulcer is practically always secondary to an 
anastomosis between the stomach and the jejunum, with or without 
gastric resection. This ulcer may not appear for many years, and for 
this reason fewer persons suffer from the lesion at any one time than 
one would expect from the reported incidence. No doubt this explains 
its relatively rare occurrence in this series of necropsies. 

The lesion may be confined to the jejunum, or it may involve the 
margins of the stoma or the gastric mucosa, in which case it may be 
referred to as a gastrojejunal, or marginal, ulcer. 


From the Department of Pathology, Cook County Hospital, and the Depart- 
ment of Medicine, University of Illinois. 

1. Portis, S. A., and Jaffé, R. H.: Study of Peptic Ulcer on Necropsy Records, 
J. A. M. A. 110:6 (Jan. 1) 1938. 

2. Judd, E. S.: Surg., Gynec. & Obst. 33:120, 1921. 
3. Ebeling, W. W.: Ann. Surg. 97:857, 1933 
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The history of the knowledge of gastrojejunal ulcer is intimately 
associated with the development of gastroenterostomy. This operation 
was first performed by Wolfer * in 1881. He had operated for a carci- 
noma of the pylorus, intending to resect the tumor by one of Billroth’s 
methods ; however, the tumor was fixed, and there were metastases in 
the liver. Nicoladini, his assistant, cited by Moynihan,’ suggested that 
the obstruction could be relieved by anastomosing the stomach and the 
bowel. This procedure was carried out, with excellent results. A 
short time later Wolfer used the same method of treatment for pyloric 
obstruction due to a benign ulcer. This operation soon became popular. 
It was not until 1889 that Brown * reported the first case of peptic jejunal 
ulcer. This developed about one year after operation. The first case 
in the French literature was recorded by Quénu in 1902.7. Robson ® in 
1904 reported the first case in the English literature. 

Key ® in 1907 reviewed 55 cases in the literature. Moynihan *° in 
1908 reviewed 60 cases and stressed the fact that diagnosis was difficult 
except at operation or necropsy. Deaver and Ashhurst™ in 1909 
reported 10 cases of jejunal ulcer among 1,198 gastroenterostomies, an 
incidence of less than 1 per cent. However, information concerning the 
“follow-up” of these cases was not given. Paterson ** in 1909 collected 
records of 65 cases of jejunal ulcer and stated that the lesion did not 
occur after posterior no loop gastroenterostomy. Von Eiselsberg ** in 
1914, Judd ** in 1921 and Moynihan ** in 1923 estimated the occurrence 
at 1 or 2 per cent. However, as Judd pointed out, the method of com- 
putation was inaccurate, since it accounted only for those patients return- 
ing to the original operator with jejunal ulcer. Other factors influenced 
the statistics. A patient with mild symptoms might not seek treatment. 
Small ulcers were no doubt often overlooked. The patient often went 
elsewhere for treatment. Frequently sufficient time had not elapsed 


4. Wolfer: Centralbl. f. Chir. 45:705, 1881. 

5. Moynihan, B. G. A.: Abdominal Operations, ed. 4, Philadelphia, W. B. 
Saunders Company, 1926, p. 224. 

6. Brown: Verhandl. d. deutsch. Gesellsch. f. Chir. 2:94, 1889. 

7. Quénu: Bull. et mém. Soc. de chir. de Paris 28:250, 1902. 

8. Robson, A. W. M.: Ann. Surg. 40:201, 1904. 

9. Key, E.: Nord. med. ark. (pt. 1) 7:1, 1907. 

10. Moynihan, B. G. A., cited by Deaver and Ashhurst,1! p. 431. 

11. Deaver, J. B., and Ashhurst, A. P. C.: Surgery of the Upper Abdomen, 
Philadelphia, P. Blakiston’s Son & Co., 1909, p. 459. 

12. Paterson, H. J.: Ann. Surg. 50:367, 1909. 

13. von Eiselsberg, F.: M. Press 98:196, 1914. 

14. Judd, E. S.: Surg., Gynec. & Obst. 33:120, 1921. 

15. Moynihan, B. G. A.: Lancet 1:631, 1923. 
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since the gastroenterostomy for the development of the ulcer. Finally, 
the number of cases in any series increased over a period of years; this 
is well shown in our few cases. 

Beer ** in 1923 reported 62 cases in which gastrojejunostomy was 
performed for the relief of gastric and duodenal ulcer. The patients 
had been followed from two to eleven years, and jejunal ulcer had been 
diagnosed in 4 cases, an incidence of 6.4 per cent. As the patients were 
followed over a longer period the incidence rose. Bastianelli*' in 1927 
reported an incidence of 24 per cent. The figure recorded by Strauss, 
Block and Freidman * in 1928 was 25 per cent. 

This increasing incidence was influenced by the increasing fre- 
quency with which the operation was used in the treatment of duodenal 
ulcer, its diminishing use in the treatment of gastric ulcer and the 
passage of time, since in some cases the condition developed ten to 
fifteen years after the operation. More frequent use of roentgen exami- 
nation in diagnosis no doubt was another factor. 

The earlier operations were done for ulcer of the stomach, in which 
condition the degree of acidity is usually less than in ulcer of the 
duodenum. It is well known that the greater the degree of acidity, 
the more probable is the development of jejunal ulcer. For example, 
operations for carcinoma of the stomach are practically never followed 
by this lesion. Balfour *® in 1925 reported that the occurrence of jejunal 
ulcer was twenty times more common after an operation for duodenal 
ulcer than one for gastric ulcer. Von Hoberer*®® reported a marked 
increase in the incidence of jejunal ulcer when there was benign pyloric 
obstruction. The acidity of the gastric contents in the unobstructed 
organ is lowered by regurgitation of the alkaline duodenal contents 
through the pylorus. This is less likely to occur in cases of resection 
with closure of the proximal end of the duodenum and the distal end 
of the stomach and gastrojejunostomy. We had 2 cases of such a 
condition. 

Hurst and Stewart ** called attention to the fact that although a 
large majority of anastomotic ulcers follow gastrojejunostomy, they 
may occur after every type of partial gastrectomy with an anastomosis. 
They cited 67 cases collected by Birgfeld ** from the German literature 


16. Beer, T.: Deutsche Ztschr. f. Chir. 137:1, 1923. 

17. Bastianelli, R., cited by Hurst and Stewart,2? p. 453. 

18. Strauss, A. A.; Block, L., and Freidman, J. G.: Gastro-Jejunal Ulcer: 
Medical and Surgical Considerations, J. A. M. A. 90:181 (Jan. 21) 1928. 

19. Balfour, D. C.: Ann. Surg. 82:421, 1925. 

20. von Hoberer, H.: Arch. f. klin. Chir. 119:712, 1922. 

21. Hurst, A. F., and Stewart, M. J.: Gastric and Duodenal Ulcer, New York, 
Oxford University Press, 1929, p. 455. 

22. Birgfeld, E.: Arch. f. klin. Chir. 187:568, 1925. 
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in 1925 and added 30 more reported from 1925 to 1927 in which an 
anastomotic ulcer followed gastrectomy. They reported 3 cases in 
which a gastrojejunal ulcer developed after resection of the greater part 
of the stomach for an anastomotic ulcer which had developed after 
gastroenterostomy. Gatewood ** in 1930 noted 3 anastomotic ulcers in 
30 resections done since 1915, an incidence of 10 per cent. 

Lahey and Swenton ** in 1935 stressed the fact that “gastrojejunal 
ulcer is now considered a serious and not unlikely complication of any 
operative procedure for ulcer in which the stomach is anastomosed to 
the jejunum and not a sequela peculiar only to gastroenterostomy.” This 
possibility has been stressed in the literature during the past few years, 
and many authorities have advised more radical resection. 


REPORT OF CASES 


Case 1.—T. R., a white man aged 50, had a gastric resection with closure of 
the distal end of the stomach and gastrojejunal anastomosis seventeen years 
prior to the onset of the present illness. For the past ten years he had been 
drinking heavily. There was complete relief from symptoms referable to the 
gastrointestinal tract until six weeks before his admission to the hospital, when 
he noted the onset of weakness and marked pallor and passed tarry stools. 
After a few days he felt better and had apparently recovered, when he suddenly 
collapsed and later passed tarry stools. On entrance to the hospital he was 
well nourished but pale. His pulse rate was 100 per minute, his respiratory rate 
24 per minute and his blood pressure 144 systolic and 94 diastolic. His hemoglobin 
concentration was 30 per cent and his red cell count 1,930,000 per cubic millimeter. 

Clinical Diagnosis —The clinical diagnosis was a hemorrhaging marginal ulcer. 
The patient was placed on a conservative regimen and was apparently improving, 
when he suddenly complained of air hunger and the pulse became imperceptible. 
He died three days after his entrance into the hospital. 

Essential Anatomic Findings—Two peptic ulcers occurred in the proximal 
portion of the jejunum, adjacent to a gastrojejunostomy stoma. There was 
appreciable bleeding from an open blood vessel in the base of one of the ulcers. 
Hemorrhagic jejunitis with tarry intestinal contents, distinct anemia, partial gastric 
resection and gastrojejunal anastomosis were observed. The ulcers measured 8 by 
5 mm. and 15 by 10 mm., respectively. Each was about 1 mm. in depth, with firm 
edges. The lumen of the open blood vessel in the base of the larger ulcer measured 
less than 1 mm. in diameter. 

Case 2.—L. B., a white man aged 42, was operated on twenty-one years prior 
to admission for a “ruptured stomach.” At that time the perforation was closed, 
and a gastrojejunostomy was performed. He had no pain in the interval but had 
some distention after the ingestion of certain foods. About thirty-six hours 
before his entrance into the hospital he experienced a sudden, sharp, excruciating 
pain in the epigastrium. This was severe and was unrelieved by medicine given 
him by his physician. He vomited several times. On entrance the temperature 


23. Gatewood: Ann. Surg. 92:554, 1930. 
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was 103.8 F., the pulse rate 136 per minute, the respiratory rate 40 per minute 
and the blood pressure 120 systolic and 80 diastolic. His abdomen was slightly 
distended and rigid, and peristaltic sounds were absent. 

Clinical Diagnosis —The clinical diagnosis was generalized peritonitis secondary 
to a ruptured peptic ulcer. The patient was treated conservatively. He died thirty 
hours after admission to the hospital. 

Essential Anatomic Findings.—A perforated peptic ulcer of the jejunum with 
diffuse fibrinopurulent peritonitis and evidences of an old posterior gastro- 
jejunostomy were observed. The ulcer, located opposite the stoma, measured 
15 by 20 mm. and extended deep into the jejunal wall. In the base there was an 
opening, measuring 5 by 7 mm. and communicating with the peritoneal cavity. 

Case 3.—S. P., a white man aged 51, was known to have a peptic ulcer. For 
the past ten years he had attended the clinic for gastrointestinal diseases. Six 
weeks prior to death the patient had an exclusion operation, and a gastrojejunal 
anastomosis was performed because of bleeding and pain which occurred despite 
medical treatment. Two weeks before his death severe pain developed in the 
right upper quadrant of the abdomen, and the patient reentered the hospital. His 
temperature was 99.8 F., his pulse rate 92 per minute, his respiratory rate 20 
per minute and his blood pressure 128 systolic and 76 diastolic. There was 
tenderness in the epigastric region. 

Clinical Diagnosis—The clinical diagnosis was marginal ulcer with post- 
operative adhesions. The patient was transferred to a surgical ward a day after 
entrance because of exacerbation of symptoms, but was treated conservatively 
because of his poor condition. He died two weeks after his acute symptoms 
appeared and six weeks after gastrojejunostomy was performed. 

Essential Anatomic Findings.—A perforated peptic ulcer in the proximal portion 
of the jejunum with localized suppurative peritonitis and a recent gastroje- 
junostomy wound were observed. Pronounced coronary sclerosis with fibrosis in 
the region of the apex and the left portion of the interventricular septum was 
present. The stomach had been sutured across so that the distal half communicated 
with the duodenum and the proximal half was anastomosed with the jejunum. An 
annular ulcer scar in the proximal portion of the duodenum constricted the lumen 
to 35 mm. in circumference. The jejunal ulcer was located 9 cm. below the stoma, 
in the distal limb of the jejunum, and measured 32 by 10 mm. The edges were 
sloping. The perforation measured 9 by 9 mm. 

Case 4.—J. O’M., a white man aged 60, had been troubled with epigastric pain 
for many years. He had had a gastrojejunostomy performed nine years before 
his terminal admission to the hospital, but this did not relieve his symptoms. He 
was an addict to the use of alcohol and barbital. He was admitted to the hospital 
in a comatose state. His temperature was 101 F., his pulse rate 94 per minute, his 
respiratory rate 28 per minute and his blood pressure 120 systolic and 82 diastolic. 
There were rales over the bases of both lungs posteriorly. 

Clinical Diagnosis——The clinical diagnosis was barbitai poisoning and broncho- 
pneumonia. The patient died forty-eight hours after his entrance into the hospital. 

Essential Anatomic Findings——A chronic peptic ulcer of the jejunum occurred 
below a gastroenteroanastomosis. Confluent bronchopneumonia of the lower lobes 
of both lungs was observed, with gangrene beginning in the lower lobe of the right 
lung. Chemical examination of the liver revealed 1 grain (0.06 Gm.) of a 
barbiturate in each 320 Gm. of liver. The jejunal ulcer was located opposite 
the stoma and measured 30 by 22 mm. In the duodenum, there were two dark 
brown scarred areas, representing healed ulcers. 
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Case 5.—G. G., a white man aged 40, gave a history of symptoms of ulcer oj 
many years’ duration. Eleven years before his admission to the hospital gastro- 
jejunostomy was performed for an acute perforated ulcer. He was relieved com- 
pletely of his symptoms until three months before admission, when abdominal pain 
developed and became progressively worse. A sudden excruciating pain was felt 
four hours prior to his entrance into the hospital. On entrance he appeared to be 
in shock. His temperature was 99.4 F, his pulse rate 150 per minute and his 
respiratory rate 30 per minute. His abdomen was rigid, and peristaltic sounds were 
absent. 

Clinical Diagnosis—The clinical diagnosis was perforated peptic ulcer. At 
operation, a large gastrojejunal ulcer with perforation was found. About 3,000 cc. 
of fluid was aspirated from the abdominal cavity. The patient died on the nine- 
teenth day after operation. 

Essential Anatomic Findings—The recent surgical repair of a perforated 
jejunal ulcer with localized suppurative peritonitis was observed. There was sup- 
puration of the anterior abdominal wall. Moderate coronary sclerosis was apparent, 
with partial thrombotic occlusion at the distal end of the left circumflex branch. 
The ulcer, located 1 cm. distal to the stoma and on the opposite wall, measured 
25 by 15 mm. The edges were sharply punched out and were thickened. In the 
lowermost portion, several linen sutures were present. A shallow defect, measur- 
ing 4 mm., occurred 3 cm. below the anastomosis. 

Case 6.—O. S., a white man aged 45, had a gastrojejunostomy performed four 
years prior to entrance because of abdominal pain. For three years he was free of 
pain, but during the last year his trouble returned. He was advised to have surgical 
treatment, but he refused. Recurrence of pain four months before his terminal 
admission brought the patient to the hospital, but an attack of bronchitis prevented 
surgical intervention at that time. The terminal illness began four days prior to 
his admission with cramplike abdominal pain and persistent vomiting. Vomitus 
consisted first of gastric contents and later of yellowish brown feculent material. 
The patient had had no bowel movement for twenty-four hours prior to his 
entrance into the hospital, though flatus had been passed. On entrance he appeared 
to be in shock, with cold, clammy, cyanotic skin. The abdomen was distended, 
silent and moderately rigid. He died a few minutes after admission. 

Clinical Diagnosis—The clinical diagnosis was intestinal obstruction due to 
postoperative adhesions. 

Essential Anatomic Findings.—Incarceration of the jejunum beneath an intra- 
abdominal band, recent peritonitis and a chronic peptic ulcer of the jejunum were 
observed. The ulcer, located on the posterior wall of the distal jejunal loop, 
measured 11 mm. in diameter and was sharply punched out, presenting a dirty 
yellowish green floor. 

Case 7.—H. H., a white man aged 52, had a history of symptoms of ulcer of 
twenty years’ duration. For four years prior to his gastrojejunostomy, performed 
fifteen years preceding his admission to the hospital, he had recurrent hematemesis 
and passed tarry stools. After the operation his symptoms disappeared until six 
weeks before admission, when he had a hemorrhage, from which he apparently 
recovered. However, seven hours prior to his entrance into the hospital he vomited 
a large amount of blood. The patient was in shock when admitted, with a blood 
pressure of 60 systolic and 30 diastolic, a respiratory rate of 32 per minute and 
imperceptible pulse. His hemoglobin concentration was 50 per cent, and the red 
cell count was 3,100,000 per cubic millimeter. 
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Clinical Diagnosis.—The clinical diagnosis was bleeding peptic ulcer. The 
patient was given blood transfusions, but in spite of supportive treatment he died 
fifteen hours later. 

Essential Anatomic Findings.—Peptic ulcer of the posterior wall of the jejunum 
with erosion of an artery and massive hemorrhage was observed. The ulcer 
measured 15 by 10 mm. and was located on the posterior wall of the afferent 
jejunal loop. The base of the ulcer was formed by the tail of the pancreas. An 
open blood vessel, 1 mm. in diameter, was visible in the floor. 

Case 8.—G. F., a white man aged 52, had symptoms of ulcer for three years 
prior to his entrance into the hospital, with epigastric pain. A diagnosis of duodenal 
ulcer was made, and a gastrojejunostomy was performed. At operation two ulcers 
were found. After the operation he was free of pain until one month prior to 
his terminal entrance, when pain became severe and was associated with nausea, loss 
of appetite, loss of 16 pounds (7.3 Kg.) in weight and passage of tarry stools. On 
entrance his pulse rate was 96 per minute, his respiratory rate 34 per minute and 
his blood pressure 120 systolic and 70 diastolic. There was tenderness in the epi- 
gastric region. 

Clinical Diagnosis.—The clinical diagnosis was marginal ulcer. About ten days 
after entrance the patient passed blood per rectum, and a proctoscopic examination 
was performed. No bleeding point was found. The abdominal pain became more 
severe, with extreme tenderness and diminished peristaltic sounds. Fluoroscopic 
examination revealed no free air in the peritoneal cavity. A flat plate showed 
dilatation of the large bowel suggestive of an obstruction of the colon near the 
suspected jejunal ulcer. The temperature rose to 101.6 F. on the eleventh day after 
entrance into the hospital, and the abdomen became rigid. Severe pain in the 
left lumbar region, accompanied by chills, was also noted. The clinical diagnosis of 
a left perinephritic abscess secondary to perforation of a jejunal ulcer was made. 
Operation was performed on the twelfth day after the patient’s entrance into the 
hospital. The adhesions were broken up and a large amount of foul-smelling, 
clotted blood was drained from the wound, but no pus was found. The patient died 
three days after operation, fifteen days after his entrance into the hospital and six 
weeks after the onset of his acute symptoms. 

Essential Anatomic Findings——A single jejunal ulcer with perforation and 
formation of a large abscess extending into the retroperitoneal tissues was observed 
in the left upper quadrant of the abdomen. Multiple perforations of the abscess 
into the descending colon and recent hemorrhages from the jejunal ulcer into the 
lumen of the intestine and the stomach had occurred. Recent perforation of a 
duodenal ulcer was observed, with sealing over by the right lobe of the liver. There 
was also a chronic peptic ulcer on the lesser curvature of the stomach. A 
laparotomy scar from gastrojejunostomy was visible, as was a recent surgical 
incision in the left lumbar region. On the greater curvature of the stomach there 
was a gastrojejunostomy stoma, measuring 20 mm. in diameter. The mucous 
membrane was scarred and retracted, and on the left side of the stomach, at the 
line of opposition and continuing on the posterior wall of the jejunum, was an 
ulcer, 20 by 15 mm. in size, with sharply punched-out margins. The ulcer, the base 
of which was formed by omentum, communicated by a small opening with a large 
abscess cavity at the splenic flexure of the colon. The abscess cavity communicated 
with the transverse colon and contained the upper pole of the left kidney, the left 
adrenal gland, the spleen and the tail of the pancreas. The cavity had been opened 
posteriorly by the recent surgical incision in the lumbar region. In the proximal 
portion of the duodenum, 15 mm. from the pylorus, was a small (6 by 11 mm.) 
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ulcer, the base of which was sealed by the liver. Immediately beneath the base 
of the ulcer was a small collection of purulent material, while at one point on its 
margin there was a small eroded, bleeding blood vessel. 


COMMENT 


These cases are briefly summarized in the accompanying table. It 
is interesting that in all 8 cases the patients were white men. The 
youngest was 40 and the oldest 60. The average age was 49. The 


Summary of Clinical Data in Eight Cases 


Lapse of 


Anatomic 


Location of 


Age, Time Since Cause of Jejunal Clinical 
No. Yr. Sex Race Operation Symptoms Death Uleer Diagnosis 
1 & M Ww lv? yr. Weakness; Hemorrhage; Two ulcers Bleeding 
pallor; erosion of adjacent to marginal 
tarry stools blood vesse! stoma ulcer 
2 42 M w 2lyr. Abdominal Perforation; Opposite Ruptured 
pains; peritonitis stoma peptic ulcer 
vomiting with peritonitis 
3 8&1 M W 6wk. Abdominal Perforation; 9 em. below Marginal 
pains; peritonitis stoma in ulcer with 
bleeding distal limb adhesions 
4 6 M WwW 9yr. Bleeding; Barbital Opposite Barbital 
abdominal poisoning; stoma poisoning 
pains pneumonia 
5 8640 M WwW llyr. Abdominal Perforation; Opposite and Peptic ulcer 
pains; peritonitis lem. below with perfora- 
shock stoma tion 
6 45 M Ww 4yr. Abdominal Incarceration Posterior wall Intestinal 
pains; vom- of loop of of distal obstruction 
ing; shock jejunum; loop 
peritonitis 
7 M Ww lb yr. Bleeding; Erosion of Posterior wall Bleeding 
vomiting; blood vessel of afferent peptic ulcer 
shock loop 
8 82 M w 8yr. Abdominal Perforation; Margin of Bleeding mar- 
pains; loss abscess; stoma ginal ulcer 
of weight; erosion of 
nausea blood vessel 
Aver., 8 8 Aver., Perforation, 4; 
49 (M) (W) 114yr. erosion of blood 
for 7 cases vessel, 3 


interval following the surgical procedure varied from six weeks to 
twenty-one years. One of the patients had had no relief from symptoms 
following the gastroenterostomy, which was performed nine years prior 
to death. The interval between the operation and the recurrence of 
symptoms, except in the case just mentioned, was a matter of years. 
The interval between the recurrence of symptoms and the fatal compli- 
cation was usually a few weeks, except in 2 cases. The cause of death 
was perforation with peritonitis in 3 cases, fatal hemorrhage in 2 cases, 
perforation followed by abscess formation in 1 case, intestinal obstruction 
in 1 case and barbiturate poisoning in 1 case. 
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The original operations included 6 posterior gastroenterostomies, 1 
gastric resection and 1 exclusion operation in which the distal half of 
the stomach was made continuous with the duodenum and the proximal 
half was anastomosed to the jejunum. 

In 1 case there were two jejunal ulcers; in all the other cases the 
ulcers were single. Six patients had jejunal ulcers, and 2 had gastro- 
jejunal ulcers. No healed ulcer scars were found in the stomach, while 
in the duodenum healed ulcer scars were seen in 2 cases. In 7 cases no 
active gastric or duodenal ulcers were present. In 1 case there were a 
duodenal and a gastric ulcer in addition to the gastrojejunal ulcer. 

The indications for the original operation, according to the patients’ 
histories, had been perforation (2 cases), hemorrhage (2 cases) and 
intractable pain (4 cases). 


ETIOLOGIC FACTORS 


Jejunal ulcer occurs most commonly between the ages of 40 and 50, 
and is much more prevalent in men than in women. A familial tendency 
has been suggested. 

The cause of this type of ulcer is still obscure and will continue to be 
until the problem of peptic ulcer in general is solved. Probably the same 
factors influence the development of both types of ulcer. The vulner- 
ability of the jejunal mucosa to the acid gastric contents is important. 
The presence of free acid, infection and vascular disturbances are the 
essential pathogenic agents. The activity of the last-named occurs soon 
after operation and is usually due to hemorrhage caused by puncture of a 
vessel with a needle or by damage to a blood vessel with a clamp. An area 
of decreased resistance is produced and may be followed by peptic diges- 
tion of the affected tissue. The collateral circulation is much better in 
the jejunum than in the proximal portion of the duodenum and the 
lesser curvature and the pyloric region of the stomach. However, as in 
other peptic ulcers, cardiac lesions with venous stasis, blood dyscrasias 
with petechiae and mucosal extravasation may predispose to erosion and 
subsequent ulcer formation. A large, small or poorly placed stoma with 
too short or too long an emptying time accompanied by hypersecretion 
is likely to cause ulceration. Nonabsorbable sutures have been found 
with no sign of active or healed ulceration. In 1 of our cases linen 
sutures were found in the base of the ulcer. 

Other theories of causation include von Bergman’s theory of vascular 
spasm, Konjetzney’s theory of local infection and the constitutional 
theory. A large amount of hydrocholoric acid and of pepsin in the 
gastric contents no doubt is important and is the active cause of the 
erosion or digestion of the mucosa and the jejunal wall. 
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PATHOLOGIC FACTORS 


Jejunal ulcer usually occurs within 2 cm. of the stoma, in the efferent 
limb of the jejunal loop, and sometimes directly opposite the stoma. 
The afferent limb is protected by the alkaline duodenal contents. 

A marginal, or gastrojejunal, ulcer always involves the stoma and is 
usually found on one side of it, often stopping precisely at the junction. 
Here we must differentiate immediate postoperative sloughing and ulcer- 
ation. Sloughs are probably due to interference with the mucosal circula- 
tion. They usually heal, although acute ulceration with transition to 
chronic ulceration may occur. 

A jejunal ulcer may be acute, subacute or chronic. Grossly and 
microscopically, it is similar to peptic ulcer. However, acute and sub- 
acute forms of true jejunal ulcer are prone to cause serious complica- 
tions. A jejunal ulcer is round or oval or if bounded by the anastomotic 
junction is irregular in shape. 

The course of development of a jejunal ulcer is similar to that of 
other ulcers. Healing, erosion of blood vessels with hemorrhage, perfo- 
ration followed by peritonitis or abscess formation, adhesions, gastro- 
colic fistula and stenosis of the stoma occur. The jejunum is thin walled 
and unsupported. Branches of the mesenteric vessels reach the mesen- 
teric border and pass circularly about the jejunum. Ulcers opposite the 
stoma or on the lateral walls often overlie the larger branches. Thus, 
the jejunal ulcer carries the same hazard of perforation as does the 
duodenal ulcer in the anterior wall. In addition, the danger of erosion 
of blood vessels, the largest of which lie opposite the stoma, is as great 
as in cases of duodenal ulcers situated on the posterior wall. Perfora- 
tion may occur into the peritoneal cavity, into a walled-off area or into 
the colon, with subsequent development of peritonitis, formation of an 
abscess or formation of gastrocolic fistula, respectively. Jejunal ulcer 
is prone to cause symptoms early, while gastrojejunal ulcer tends to 
become chronic and persist over a long period, occasionally causing 
obstruction. 

This tendency to chronicity and relative freedom from fatal complica- 
tions is no doubt the reason that we found only 2 cases of gastrojejunal, 
or marginal, ulcers in our series. 

In a review of the literature, it is clear that there has been a tendency 
to blame the operative procedure for anastomotic ulcer. After modifica- 
tion of the surgical procedure it was found that the ulcer still developed. 
The anterior gastroenterostomy was succeeded by the posterior short 
loop gastroenterostomy, which in turn was modified by various entero- 
anastomoses, such as the “en-y” operation. Then subtotal gastric resec- 
tion, with or without gastroenterostomy, was hailed as the only means 
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of preventing the development of jejunal ulcer. Now it is contended 
by many surgeons that two thirds to three fourths of the stomach must 
be resected to prevent this complication. 


SUMMARY 


The history of the knowledge of anastomotic ulcer and the evolution 
of present day opinion regarding development of such an ulcer are dis- 
cussed. 

Necropsy findings in 8 cases of anastomotic jejunal ulcer occurring 
after gastrojejunostomy alone or combined with gastric resection are 
reported. In all the cases the patients were white men and the average 
age was 49. The apparent rarity of this condition in a series of 13,000 
postmortem examinations is noted. Perforation and fatal hemorrhage 
were frequent causes of death. The lapse of time from surgical inter- 
vention for the original peptic ulcer to the fatal termination varied from 
six weeks to twenty-one years. The average for 7 cases was eleven and 
four-tenths years. 
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PATHOGENESIS AND PATHOLOGIC CHANGES IN 
PEPTIC ULCER, AND PRODUCTION OF PAIN 


JACOB RABINOVITCH, M.D. 


BERNARD PINES, M.D. 
AND 


IRA TEICHER, M.D. 
BROOKLYN 


Various ideas have been propounded from time to time to account 
for the development of gastroduodenal ulceration, but the underlying 
agent or agents are still undetermined. It is true that under certain 
conditions peptic ulcer will develop in the human being or that ulcers 
may be produced experimentally in animals, but either occurrence throws 
little light on the real problem of the condition. The peculiar and almost 
constant localization of the lesion in the lesser curvature just proximal 
to the pylorus has been given special etiologic significance, and it has 
been often correlated with an assumed special exposure of this part of 
the stomach to irritation resulting from the strongly acid chyme. 

A review of the literature reveals a wide discussion in reference to 
the pathologic anatomy and symptomatology of peptic ulcer. The 
symptom most commonly encountered in this lesion consists of pain, 
invariably described as burning (heart burn) in character. The pain 
usually appears within a definite period after the intake of food and is 
referred to the upper part of the abdomen. It has also been shown that 
there exists a definite parallelism between the occurrence of this symptom 
and the anatomic changes in the wall of the ulcerated stomach and 
duodenum, so much so that one expects to find definite pathologic 
changes in these organs whenever this syndrome of pain is encountered. 

Because of the difficulties in drawing conclusions from the confusing 
and contradictory experimental results obtained by different observers, 
we have undertaken the present study in order to furnish additional 
information concerning the pathogenesis of peptic ulcer. An analysis 
of the various cases has also yielded adequate proof as to the probable 
cause of the pain in peptic ulcer, and this will be discussed in some 
detail later. 

The present study deals with a group of some 200 patients in whom 
pain was the outstanding symptom. The patients for the most part had 
definite peptic ulcers, and because of the obvious relationship of the 
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pain to the visceral nervous mechanism of the stomach and duodenum, 
it seemed desirable to study the different pathologic changes which occur 
in cases of peptic ulcer with special emphasis on the changes about the 
nerve fibers and nerve endings. Sections were routinely taken through 
the ulcerated area of the stomach or duodenum and were stained with 
hematoxylin and eosin and on occasions with Van Gieson’s or Mallory’s 
stain. The blocks were cut at random with no attempt to place the 
sections in the region of the nerves. 

It is also the purpose to discuss and describe as impartially as possible 
the various theories which have been advanced to explain the etiology 
and pathogenesis of peptic ulcer. An attempt will be made to limit this 
discussion to those facts and theories which appear to have the most 
specific basis, rather than to review the opinions expressed by many 
different authors. To do this intelligently and clearly it is necessary to 
have an accurate understanding of the anatomy and physiology of the 
parts involved ; so those phases will be briefly reviewed. 

The secretory cells of the mucosal glands of the stomach are essen- 
tially of two types, namely, chief, or pepsin-secreting, cells and parietal, 
or acid-producing, cells. These glands are particularly numerous in the 
fundus and along the lesser curvature of the stomach; the latter region 
has been frequently referred to as the Magenstrasse, or stomach path. 
In the pyloric portion the cells are largely mucus producing and yield a 
secretion which is definitely alkaline in reaction. The muscular coat is 
described as consisting of three layers, an inner (oblique), a middle 
(circular) and an outer (longitudinal). The nerves to the stomach are 
derived from the vagus nerve and from the celiac ganglions of the 
sympathetic nervous system. The vagal fibers unite with the sympathetic 
fibers from the celiac plexus, which pass to the stomach with the branches 
of the celiac artery. The nerve fibers, which are chiefly nonmedullated, 
form two gangliated plexuses, the myenteric plexus of Meissner and the 
submucous plexus of Auerbach, in the muscular and submucous coats 
respectively (figs. 1 and 2). The results of numerous experiments seem 
to show conclusively that in general the fibers along the vagal path are 
motor, while the fibers coming through the sympathetic system are 
mainly inhibitory. It has also been generally accepted that pain sensa- 
tions arising in the stomach are propagated along the sympathetic fibers 
(Kuntz, Moore). 

Considerable importance has been attached to the frequent occur- 
rence of hyperacidity in patients with peptic ulcer, and it has been 
assumed that hyperacidity is of primary importance in the genesis of 
these ulcers. Also, different methods of experimental approach have 
been used to explain the development of peptic ulcer, but some of these 
are suitable only for animal experimentation. Thus, the effect of hyper- 
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acidity experimentally produced by the feeding of dilute hydrochloric 
acid and other acids has been studied. Whereas such an artificial 
hyperacidity may produce lesions ranging from simple erosions to actual 
ulcerations, the conclusion reached by most observers is that it is of no 
significance except when the acid is administered in huge doses, far in 


j 
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Fig. 1—Ganglion cells and nerve trunk in the muscular coat of the normal 
stomach. 


excess of the physiologic needs of the experimental animal. Langen- 
skidld* and Mann and Bollman? have shown that in dogs with gastric 


1, Langenskidld, F.: Skandinav. Arch. f. Physiol. 31:1, 1914. 
2. Mann, F. C., and Bollman, J. L.: Experimentally Produced Peptic Ulcers: 
Development and Treatment, J. A. M. A. 99:1576 (Nov. 5) 1932. 
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fistulas in whom unbuffered dilute hydrochloric acid was allowed to 
trickle through the stomach and duodenum there developed a gradual 
exhaustion in the defensive powers of the mucosa; this resulted first in 
distress and later in pain, with reddening, irritation and finally super- 
ficial ulceration. Mann®* attached much importance to the injurious 


Fig. 2—High magnification of ganglion cells in the musculature of the normal 
duodenum. 


and destructive effects which the acid chyme has on gastric mucosa not 
protected by the mechanism for diluting, buffering and neutralizing the 
acidity of the gastric contents. According to him these ulcers never 
occur in a mucosa which is not exposed to acid gastric juice. Schmidt 


3. Mann, F. C.: Brit. M. J. 1:707, 1939. 
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and Fogelson* have shown, on the other hand, that acid gastric juice 
of itself is not sufficiently destructive to overcome the normal protective 
factors which inhibit or prevent gastroduodenal ulceration. Their find- 
ings are somewhat at variance with those of Mann; by sham-feeding 
esophagostomized dogs and thereby inducing an increased flow of acid 


Fig. 3.—Gastric ulcer, with deep crater and fibrosed wall beneath it. 


gastric juice, they were unable to produce in these animals any gastric 
or duodenal ulceration. DeBakey * and Ochsner ® expressed the opinion 


that at least two factors operate in the production of a peptic ulcer. 


4. Schmidt, C. R., and Fogelson, S. J.: Am. J. Physiol. 120:87, 1939. 
5. DeBakey, M.: Surgery 2:653, 1937. 
6. Ochsner, A.: Surgery 2:786, 1937. 
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One is a predisposing factor, usually of a chemical, mechanical or 
infectious nature; the other is a precipitating factor caused by constitu- 
tional or tissue susceptibility to ulceration. These authors have expressed 
the belief that erosions of the stomach may occur in the gastric mucosa 
injured by either excessive acidity, irritating foods or infecting micro- 
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Fig. 4—Inflammatory process in peptic ulcer showing diffuse infiltration of 
round cells, edema and thrombosed vessels. 


organisms; the erosions may turn later into chronic indolent ulcers in 
certain susceptible persons with an ulcer diathesis. Other observers 
have stressed some derangement of the nervous system as the most 
significant single factor in the causation of peptic ulcer. It has been 
assumed that the constant, irritating nervous stimuli eventually lead to 
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localized spastic contracture of the gastroduodenal musculature, which 
in turn effects areas of mucosal and submucosal ischemia and ulcer 
formation. 

At the present time it cannot be definitely stated what underlying 
abnormality is responsible for the predisposition to ulceration. Animal 
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Fig. 5.—Peptic ulcer, showing marked endothelial proliferation and considerable 
narrowing of the lumen of the vessels. 


experimentation, although of importance, does not necessarily always 
apply to changes in the human economy, and consequently experimental 
efforts should be directed toward human criteria whenever possible. 
The present state of knowledge permits only theorization regarding the 
practical application of this experimental work to man. There is no 
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doubt that more than one factor is concerned in the production of peptic 
ulcer in different persons. There come to mind at least three possible 
explanations for the cause of this disease, namely, (1) hyperacidity and 
tissue susceptibility as suggested by DeBakey and Ochsner, (2) sympa- 
thicoadrenal hyperirritability as suggested by Crile or (3) vagotonia as 
suggested by Bergmann. 

A histopathologic study of this group of patients with peptic ulcer 
revealed several significant facts. Section through the ulcer showed 
the typical changes of a chronic gastric ulcer, with a fibrous floor covered 
with granulation tissue, surrounded by a layer of necrotic tissue (fig. 3). 
The inflammatory process was diffuse and extended far beyond the area 
of ulceration; it generally involved all the coats of the stomach and 
duodenum and reached as far as the serosa. The inflammatory reaction 
was of a chronic nature and consisted of a cellular exudate composed 
mainly of monocytes and to a less extent of polymorphonuclear neu- 
trophils, eosinophils and plasma cells. The fibrous reaction was equally 
striking and showed an abundance of fibroblastic proliferation replacing 
the normal structures of the gastric or duodenal wall (fig. 4). The 
vascular changes were confined in the main to the smaller arterioles 
which showed marked mural thickening with a corresponding diminution 
in the caliber of the lumen. The increased thickness of the vessel wall 
was primarily due to endothelial proliferation, the latter forming several 
intraluminar, concentric layers of cells which almost completely obliter- 
ated the lumen (fig. 5). Occasionally, too, the lumen of the affected 
vessel was partly or completely occluded by thrombus formation. Obvi- 
ously, the reduction in the caliber of the sclerosed or thrombosed blood 
vessel caused considerable interference with the flow of blood, and hence 
also, with the nutrition of the stomach and duodenum. The ischemia 
which is apt to follow such vascular changes may be responsible, in part 
at least, for the ulcer formation. 

The histopathologic changes about the nerve structures were similar 
in all of the 200 patients studied, and may be briefly discussed as fol- 
lows: An inflammatory exudate was seen to surround many of the 
smaller and larger nerve trunks and their terminals, lying within the 
depth of the ulcerated wall. Often, too, the nerve fibers became coiled 
up like little nodules and bore a striking resemblance to the neuromas 
commonly seen in stumps (fig. 6). The perineuritic inflammatory 
changes were quite extensive at times and consisted largely of dense 
fibroblastic proliferation and round cell infiltration. Nerve fibers as well 
as ganglions were often enclosed within areas of inflammation, the latter 
consisting for the most part of dense aggregates of small and large round 
cells. These changes were widespread, so that in all parts of the ulcer 
the appearances under the microscope were similar. 
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It may be of interest in this connection to cite a few of the cases 
which were observed in this hospital, with the purpose of showing the 
relationship which exists between the clinical symptoms and the inflam- 
matory changes around the nerve elements. Most of our material was 


. 


4 


4 
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Fig. 6.—Large nerve trunks surrounded by an inflammatory exudate consisting 
of round cells and fibrous tissue. 


received in the form of a portion of the stomach, including the ulcer- 
bearing area, removed by partial gastrectomy. 


Case 1.—The patient was a 32 year old man who complained of pain in the 
epigastrium of one year’s duration. The pain occurred half an hour after meals 
and was relieved by foods and alkalis. Occasionally the pain persisted all day and 


sometimes it awoke the patient at night. There had been some remissions from 
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pain. The appetite was fair, but the patient was afraid to cat because pain fol- 
lowed. No nausea or vomiting occurred. The bowels were normal; there was no 
melena. The past and the family history revealed no relevant data. A diagnosis 
of ulcer of the stomach was made, and a partial gastrectomy was periormed, 
including the ulcer-bearing portion. 


ay 


Fig. 7.—Nerve fibers surrounded by a dense area marked by the infiltration of 
round cells and the overgrowth of fibrous tissue. 


When the stomach was opened, the ulcer, found on the lesser curvature, had all 
the appearances of a simple chronic gastric ulcer with slightly thickened edges and 
a fairly deep crater. Histologic examination of the specimen revealed a diffuse 
inflammatory process involving practically the entire thickness of the gastric wall. 


The changes around the nerve fibers were striking. Figure 7 shows one such = ; 


CBE 
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area where a nerve fiber is surrounded by a dense collection of round cells and 
overgrowth of fibrous tissue. The adjoining blood vessels show marked thickening 
of the wall and narrowing of the lumen. 

Case 2A 44 year old man entered the hospital because of abdominal pain, 
nausea and vomiting. For six years prior to admission he had episodes of pain 
in the upper part of the abdomen coming approximately within an hour after 


Fig. 8—Dense aggregates of round cells and fibrous tissue enclosing nerve 
trunks in the wall of the ulcerated stomach. 


meals. The pains were largely relieved by alkalis. He was also subject to attacks 
of dizziness which sometimes resulted in fainting spells. A diagnosis of peptic 
ulcer was made, and a partial gastrectomy was performed. 

Pathologic examination of the specimen showed ulceration of the mucosa 
extending as far as the muscularis. Many of the nerve fibers were surrounded by 
zones of inflammation, the latter consisting for the most part of round cells and 
dense fibrous tissue (fig. 8). 


| 
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Case 3.—The patient, a man aged 39, was admitted to the hospital because of 
severe hematemesis. For several years prior to his admission he was subject to 
attacks of heart burn appearing about two hours after meals and relieved by sodium 
bicarbonate. A diagnosis of bleeding duodenal ulcer was made, and he was 
operated on for that condition. The patient died several days after the operation, 


Fig. 9.—Nerve trunks surrounded by a localized zone of round cells and diffuse 
fibrosis in a duodenal ulcer. ’ 


and at necropsy a large duodenal ulcer was found. Histologic examination of 
the ulcerated duodenum revealed a diffuse inflammatory process particularly in 
the region of the various nerve fibers, as shown in figure 9. 

Case 4—A 42 year old man was admitted for epigastric distress coming 
shortly after the taking of food. He dated the onset of his illness fifteen years 
prior to his present admission. Recently the pains were more frequent although 
they were relieved at times by alkalis. A diagnosis of peptic ulcer was made, and 
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at operation a large ulcer was found near the pyloric end of the stomach; a partial 
gastrectomy was performed. Microscopic examination of the specimen showed in 
addition to the ulcerated gastric mucosa a diffuse inflammatory cell reaction and 
fibroblastic proliferation. Some of the nerve fibers and ganglions were enclosed in 
a bed of dense fibrous tissue scattered in which were numerous round cells 
(fig. 10). 


Fig. 10.—Large ganglion in the musculature of a gastric ulcer. There is a 
moderate number of round cells and a considerable amount of fibrosis surrounding 
the ganglion. 


In summary, the findings in this whole group of patients revealed 
that the lesions of all of them had a closely related pathologic structure. 
The histologic features of the lesions may be briefly summarized thus: 
(1) abundant infiltration with round cells and to a less extent also with 
polymorphonuclear neutrophils, eosinophils and plasma cells; (2) pro- 
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found changes in the blood vessels; (3) widespread new formation of 
fibrous connective tissue; (4) inflammatory changes about the nerve 
fibers and ganglions. 

In the light of the foregoing pathologic observations one may cor- 
relate the histologic changes with the production of pain and perhaps 
also with the pathogenesis of peptic ulcer. The various histopathologic 
observations made in these cases appear to shed some light on the 
relationship existing between the inflammatory changes about the nerve 
fibers and ganglion cells, as well as on the problem of the development 
of peptic ulcer. Histologic studies of the ulcers also justify the belief 
that there is a continuous interplay among the nervous, vascular and 
muscular elements of the stomach and duodenum which is responsible 
for the creation and maintenance of chronicity of peptic ulcer. The 
enclosure of many of the nerve elements within zones of inflammation 
leads to constant irritation of these nerves; this, in turn, may produce 
vasospasm, muscle spasm, ischemia, necrosis and ulceration. One of 
the most interesting facts disclosed in the experimental studies of recent 
years is the observation made by Telford and Stopford, who showed that 
the feeding of ergot to Leghorn cockerels for a period of several weeks 
resulted in continuous spasm of the arteries to the combs. This was 
followed by proliferative endarteritis of the walls and thrombosis of the 
vessels. They believed that similar changes might occur in the arteries 
of the arm following continued irritation of the sympathetic nerves, with 
the production of vascular changes and gangrene of the fingers. On the 
basis of these experiments and the previously described pathologic 
observations, we are inclined to believe that the proliferative endarteritis 
noted in the ulcerated stomach and duodenum may be traced directly to 
irritation of the sympathetic nerve fibers by the existing inflammatory 
reaction. The fact disclosed in these studies is that nerve fibers, both 
sympathetic and vagal, lying within the ulcerated gastric and duodenal 
wall are subject to constant irritation because of the surrounding fibrosis 
and inflammatory cellular exudate. Sympathetic nerve fibers in the wall 
of the stomach and duodenum, therefore, are irritated by the surround- 
ing chronic fibrosis, and this may lead to such vascular changes as vaso- 
spasm and proliferative endarteritis. There is no doubt also that the 
inanition to the tissues caused by the retarded flow of blood through 
the partly or completely obliterated vessels results first in necrosis and 
later in ulcer formation. 

It may be said, then, that endarteritis, vasospasm and spastic con- 
traction of the musculature may be produced in the stomach and duo- 
denum as a result of irritation of the nerves caused by inflammation. 
The ischemia which is apt to follow such changes may be responsible, 
in part at least, for the necrosis and ulceration of the gastroduodenal wall. 
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The question remains, however, as to what initiates the inflammatory 
process which later in its course produces nerve irritation, ischemia and 
necrosis. One of the most valuable explanations concerning the funda- 
mental cause of peptic ulcer lies in the fact that early in its development 
the ulcer begins as a localized area of gastritis; this is caused as a 
result of the action of one or several agents, of which hyperacidity 
perhaps heads the list. This last hypothesis is corroborated clinically, 
since many of the patients with peptic ulcer show initial clinical evi- 
dence of increased acid secretion; it is also supported experimentally, 
as shown by the work of Mann and others. There is no doubt also that 
trauma consequent to the intake of rough, irritating foods, particularly 
in the presence of an increased acid concentration, will suffice in certain 
susceptible persons to produce a local erosion and an inflammatory 
reaction. On this basis one would place the primary etiology of the 
disease in whatever causes an initial gastritis or erosion of the gastric 
mucosa, which later in its course leads to focal nerve irritation, endar- 
teritis, vasospasm, muscle spasm, ischemia and necrosis. While this 
phase of the problem is based too much on speculation to warrant its 
present application to the wide fields of gastroduodenal ulceration, 
nevertheless it would appear to bear definitely on a large number of 
cases within that field. 

A review of the literature on the physiology and anatomy of visceral 
pain as it applies to gastric pain reveals many controversial points, and 
in this presentation no attempt will be made to give any detailed bibliog- 
raphy. Two main theories have been offered to account for the cause 
of pain in peptic ulcer: one that the pain is due to deep muscle con- 
tractions and the other that it is due to an increase in the acidity of the 
fluids bathing the ulcer. According to Alvarez’ the main factor con- 
cerned in the production of ulcer distress is a sensitization of nerve 
endings in the upper part of the digestive tract which causes them to 
respond painfully either to the presence of acids or to certain types of 
contractions in the stomach, duodenum or esophagus. 

Suffttient data have been accumulated from a study of the foregoing 
material to permit the conclusion that the pain in peptic ulcer is due 
primarily to a perineuritis and only secondarily perhaps to such factors 
as hyperacidity and contraction of the gastric musculature. It is con- 
ceded that painful stimuligjn a sensory nerve fiber may develop either 
as a result of local ischemia or stretching df the nerve fiber. Both these 
factors are found to exist in the case of peptic ulcer. The ischemia is 
effected through occlusion of the vascular channels and the inflammatory 
edema in the region of the ulcer while the stretching of the nerve fibers 


7. Alvarez, W. C.: The Mechanism of the Digestive Tract, New York, Paul 
B. Hoeber, 1928. 


RABINOVITCH ET AL—PEPTIC ULCER AND PAIN 635 
is brought about by the diffuse fibrosis which encircles the nerve fibers. 
Womack * has shown that the same forces operate in the causation of 
pain in disease of the gallbladder. It is also conceivable that irrita- 
tion of the nerve fibers may lead to ischemia because of spastic contrac- 
tion of the gastroduodenal musculature and that this in turn will produce 
pain. The factor of ischemia as a cause of pain has long been recognized. 
The agonizing pain which is experienced when the coronary arteries 
are occluded is well known as are the pains produced in the extremities 
when the blood supply is interrupted. The pathologic changes noted 
about the nerves in the ulcerated stomach and duodenum are such that 
they would tend to increase the tension on the nerves and to decrease 
the blood supply. Such factors as stretching and ischemia must be 
considered as important pain-producing agents whenever there are 
marked fibrosis, edema and diminished circulation around the nerve 
fibers. 

Experiments conducted by Moore ® have shown conclusively that 
the potassium ion is markedly irritating to both pain endings and pain 
fibers even when used in isotonic solutions. In inflammation the potas- 
sium ion is poured out into the intercellular fluids which bathe the nerve 
endings, and Habler and Hummel *° have reported large concentrations 
of potassium in inflammatory exudates, capable of stimulating pain 
elements. It seems, then, that another cause of pain in peptic ulcer 
may be the potassium ion in the inflammatory exudate which irritates 
the pain nerve fibers. 

In a general way it may be said, then, that a number of factors are 
responsible for the cause of pain in peptic ulcer. These may be briefly 
summarized as follows : 

1. Ischemia produced as a result of vascular occlusion and contraction 
of the gastroduodenal musculature. In ischemic lesions there is a tend- 
ency for accumulation of acid radicals which are known to irritate nerve 
endings. 

2. Inflammatory exudate as a source of visceral pain is obvious. 
The interstitial tension developed in many inflammatory swellings may 
act to compress and distort pain endings to the point of stimulation. 
Furthermore, pain endings are highly sensitive to the potassium ion, and 
the latter is found in increased amounts in inflammatory exudates. 

To what extent the increased gastric acidity plays a part in the causa- 
tion of pain is open to question. On the clinical evidence it is plain that 
while hyperacidity may be a cause or a contributory factor, it cannot 
be the sole direct cause. It is feasible that an increased gastric acidity 


8. Womack, N. A.: Surgery 4:847, 1938. 
9. Moore, R. M.: Surgery 3:534, 1938. 
10. Habler, C., and Hummel, R.: Klin. Wehnschr. 7:2151, 1928. 
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may effect painful sensations through irritation of the exposed nerve 
fibers in the ulcerated wall and through spastic contractions of the 
smooth muscle fibers of the stomach and duodenum. 


SUMMARY AND CONCLUSIONS 


Studies of peptic ulcer have been diligently pursued on laboratory 
animals and on human beings by many investigators. Although laboratory 
results have advanced information concerning this subject considerably, 
such findings do not satisfactorily and entirely explain conditions in 
human beings, for there exists much variation in the physiologic 
behavior of laboratory animals as compared with human beings. 

Evidence is adduced from the literature emphasizing the fact that 
several factors are concerned in the genesis of gastroduodenal ulceration. 

On the basis of this present study, focal gastritis and erosions are 
most closely associated with the primary etiology. Chronicity of the 
indolent ulcer, on the other hand, is dependent on changes in the vascular, 
muscular and nerve elements of the gastroduodenal wall. 

The pain in peptic ulcer is due primarily to local perineuritis, which 
is a common occurrence in peptic ulcer. Ischemia and inflammatory 
exudates are other contributory factors. 


THE ELECTROCARDIOGRAM IN LATER LIFE 


MAURICE ELIASER Jr, M.D. 
AND 


BENJAMIN O. KONDO, M.D. 
SAN FRANCISCO 


The increasing number of persons who are attaining the age of 70 
and the frequency with which they suffer attacks of acute coronary 
occlusion make it expedient that certain standards of normalcy be 
established electrocardiographically for this age group. The series of 
records presented here was assembled in an attempt to determine what 
constitutes a normal electrocardiogram for an elderly person without 
symptoms of cardiovascular disease. 


MATERIAL 


One hundred persons over 70 years of age were selected for this study. Accurate 
and painstaking histories were obtained in order to eliminate any one who had mani- 
festations of impaired cardiac function other than that which could be properly 
ascribed to aging alone. All persons without physical signs of cardiovascular 
disease except mild hypertension (pressure not exceeding 150 mm. of mercury 
systolic and 90 mm. diastolic) and moderate ventricular enlargement with an apical 
impulse palpable less than 12 cm. to the left of the midsternal line, were included. 
However, persons with abnormally decreased vital capacities, diastolic murmurs 
or unusually increased basal cardiac dulness were excluded. Furthermore, basal 
pulmonary rales, hepatic engorgement, increased venous pressure, dependent edema, 
gallop rhythm and pulsus alternans were considered indications for exclusion from 
this series. Systolic, mitral and/or aortic murmurs of uncomplicated arteriosclerotic 
origin have been observed to be associated with the normal process of aging ! 
and were therefore not excluded if uncomplicated by other pathologic conditions. 
Associated disorders, such as benign prostatic hypertrophy, ocular diseases, hypac- 
usis, peptic ulcer and diverticulosis coli, were encountered in 15 per cent of the 
persons ; however, they were not believed to be of clinical significance in producing 
alterations in the cardiovascular system. 

Selections were made from a group of ambulatory persons residing in an insti- 
tution for the care of the aged. None was or had been hospitalized for a period 
of at least six months prior to the examination. The few who had been bed patients 
had been under treatment for conditions not referable to the cardiovascular system. 
Fifty-six per cent of the men and 37.5 per cent of the women of this series were 
gainfully employed in various occupations at the institution, working in the wards, 
waiting on tables, gardening, cooking, weaving or sewing. The remainder had 


From the Department of Medicine, University of California Medical School, 
and the Laguna Honda Home Infirmary, Department of Public Health. 
1. Cohn, A. E., in Cowdry, E. V.: Problems of Ageing, Baltimore, Williams 
& Wilkins Company, 1939, p. 133. 
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been similarly employed within the past year but, although they were able to 
work, had been unable to find employment because of the limited number of 
positions available. 

The distribution of the persons selected for this study as to age is compiled 
in table 1. It will be noted that no person under the age of 70 was included and 
that the greatest age was 92 (table 1). 

The data obtained in this study resulted from observations made on the standard 
three lead electrocardiogram and a lead IV which is IV F of the Committee 
on Precordial Leads of the American Heart Association.” 


RESULTS 


The electrocardiographic findings for the 100 records obtained are 
listed in table 2. The various pathologic recordings are given individually 
and will be discussed separately under the headings noted in the table 
(table 2). 


Taste 1.—Distribution of Age and Employability of Persons over 70 Years of 
Age Without Significant Cardiovascular Disease 


Age Men Women Total 
165 17 32 
7 1 8 

68 32 100 
Gainfully employed...................... 38 (56%) 12 (87.5%) 50 
Intermittently employed................ 4 0 4 

68 32 100 


Axis Deviation —In 62 persons, left axis deviation was found ; none 
presented right axis deviation. Two persons with right axis deviation 
were encountered during the selection of this series but were eliminated 
because the first one had a deformity of the chest, being an achondro- 
plastic dwarf, and the second had dyspnea on exertion which probably 
was the result of long-standing bronchial asthma. The absence of any 
other acceptable instances of right axis deviation would seem to war- 
rant the conclusion that the cardiographic finding of an electrical axis 
to the right in an elderly person in the absence of pulmonary disease 
suggests cardiac disease. It is one of the most significant findings * when 
encountered. 

Voltage of the Major Deflections—Under the subheading “Abnor- 
mally low voltage” are included the persons with electrocardiograms 


2. Standardization of Precordial Leads: Supplementary Report, Am. Heart 
J. 15:235, 1938. 

3. Footnote deleted. 

4. Comeau, W. J., and White, P. D.: The Clinical Significance of Right 
Axis Deviation in the Electrocardiogram, Am. Heart J. 18:334, 1939. Eliaser, 
M., Jr., and Konigsberg, J.: Electrocardiographic Findings in Cases of Ventricular 
Aneurysm, Arch. Int. Med. 64:493 (Sept.) 1939. 
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presenting major deflections under 5 mm. in height (fig. 1). Each 
lead was separately calibrated and the calibration recorded on the film 
so that an electromotive force of 1 millivolt produced a deflection of 
10 mm. on the record. The results in this series, showing that 37 per 
cent of persons had decreased ventricular complexes, are in keeping 
with those of other workers,’ who have shown that abnormally low 
voltage is common in elderly persons and that when noted in earlier life 
it strongly suggests degenerative cardiac disease if other causes of low 


TasLeE 2.—Electrocardiographic Findings in 100 Persons over 70 Years of Age 
with Clinically Normal Cardiovascular Systems 


Persons 
0 
2. Voltage of the major 7 
8.  Sino-auricular nodal 13 
4.  Auricular arrhythmias 3 
5. Ectopic beats.......... 5 
conduction defects 40 
7. Intraventricular con- Common 6 } 
duction defects * left bundle branch block) | 
ineommon form 0 
(right bundle ‘biock) 24 
Intermediate forms: concordant.. 6 
8 
anterior) 
(posterior) 
10. of ST inter- 2 4 
11. Inversionorabnormal Lead I 
depression of T waves 
Leads 
lead IV-F 


* Kaplan, L. G., and Katz, L. N.; Am. Heart J. 182 145, 1939. 


action currents, such as pericardial disease and technical changes, can 
be eliminated. 

Sinus Rhythms.—The record of only 1 person revealed a sinus 
mechanism with a rate exceeding 100 per minute; 13 recordings were 
under 60 per minute. Sinus bradycardia frequently occurred in asso- 
ciation with low voltage and partial latent auriculoventricular block. 
No persons known to have hyperthyroidism were included in the series, 


5. Levitt, G.: The Electrocardiogram in the Aged, Am. Heart J. 18:692, 
1939. Cohn.1 
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although it is our clinical experience that the incidence of hypothyroidism 
may be rather high in aged persons, especially in women, and that it 
may be a rather occult condition which easily escapes observation in a 
routine physical examination. The one person whose rate exceeded 
the upper limits of normal had sinus tachycardia of 120 beats per minute 
and was suspected of having hyperthyroidism. It would appear from 
a study of this series that abnormally rapid sinus mechanisms occur so 
infrequently that they warrant investigation when discovered in persons 
over 70 years of age. 

Auricular Arrhythmias—No case of auricular flutter was encoun- 
tered. Auricular fibrillation occurred in 3 persons whose ventricular 
rates were 90, 92 and 110 respectively. It is interesting to note that 


= 
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Fig. 1—Electrocardiogram including lead IV F, showing the abnormally low 
voltage of the major deflection and the sinus bradycardia frequently observed in 
later life. The person was a 78 year old, active, employed man, asymptomatic, with 
a blood pressure of 140 mm. of mercury systolic and 85 mm. diastolic and normal 
cardiac sounds. The size and shape of the heart were found to be normal on 
roentgenologic examination. The vital capacity was 3,000 cc. 


none of these 3 had any other electrocardiographic abnormality. None 
had ever received digitalis, and the rhythms were entirely asymptomatic. 
None was able to recall the onset of auricular fibrillation, having had 
no anginal symptoms, which so often are associated with change from 
sinus rhythm to auricular fibrillation.® The absence of manifestations 
of congestive failure suggests that the difficulties so often associated 
with auricular fibrillation may be a result of the exciting cause and 
not of the arrhythmia itself; this certainly is so when the ventricular rate 
does not exceed an efficient one. 


6. White, P. D.: Heart Disease, New York, The Macmillan Company, 1938, 
p. 641. 
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Ectopic Beats—Auricular ectopic beats were noted in 5 persons and 
ventricular premature beats, including those of nodal origin, in 15 of 
the 100 persons studied. All 20 were asymptomatic. Two instances 
of the ventricular type arose from multiple foci. The ectopic beats 
were not necessarily accompanied by the other changes usually associated 
with myocardial damage. Apparently this irregularity is of no more 
clinical significance in the aged than in other age groups except that it 
seems less prone to produce symptoms. 

Auriculoventricular Conduction Defects ——Complete auriculoventric- 
ular dissociation was observed in none of the persons. It was noted in 
1 person who was not included in the series because he had well defined 
rheumatic heart disease with mitral stenosis and hypertension. Partial 
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Fig. 2.—Electrocardiogram including lead IV F, showing moderately decreased 
voltage of the major deflection, left axis deviation and partial latent auriculo- 
ventricular conduction defect. The person was an 80 year old, active, employed 
man, asymptomatic, with normal blood pressure and normal cardiac sounds. The 
size and shape of the heart were found to be normal on roentgenologic examination. 
The vital capacity was 3,300 cc. 


latent auriculoventricular blocks, that is, conduction times exceeding 
0.20 second, were observed in 40 persons (fig. 2). The occurrence of 
this abnormality in association with sinus bradycardia is not merely 
coincidental but would seem to be in keeping with the physiologic state 
of senility observed electrocardiographically in the form of low voltage, 
sinus bradycardia and auriculoventricular conduction defects. 
Intraventricular Conduction Defects.— Under this heading are 
included the complete bundle branch blocks. Six instances of the 
common (left) form were found, of which 1 was associated with partial 
auriculoventricular block. No persons presented the uncommon (right) 
form. Of interest are 3 other examples of the common form which 
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were recorded on film but were found in persons whose symptoms 
precluded their inclusion in this series. The symptoms in the 6 persons 
included were inconsequential and suggested that bundle branch block 
is not necessarily a serious lesion.’ Although the actual duration of the 
lesion in these persons was unknown, one would suspect that it had 
been in existence over a year. No fatalities were encountered in this 
group within eight months after the abnormality was first detected. 

Of a total of 24 persons with intraventricular conduction defects, the 
indeterminate form was observed in 18. This form was further divided 
into the concordant type, which was noted in 6; the “S” type, in 8 and 
the arborization type, in 4 of the persons with the indeterminate form of 
intraventricular conduction defects. 

QT Type in Lead I (Anterior).—The type of the QT change in 
lead I which has been noted to be characteristic of an anterior coronary 
occlusion * was observed in only 1 instance. In addition, a prominent 
initial ventricular deflection and an upright T wave in lead IV F as 
well as ventricular ectopic beats were noted. The record was that of 
an 81 year old active man whose past history revealed nothing that 
could be interpreted as having been referable to coronary sclerosis. 


QT Type in Lead III (Posterior ).—Five instances of the electro- 
cardiographic changes commonly associated with posterior coronary 
occlusion were observed. 

Elevation of the ST Interval—Four instances of ST intervals above 
the base line were observed. Two were seen in lead I and 2 in lead III. 
None was associated with an abnormality in the precordial lead. 

Inversion or Abnormal Depression of the T Waves.—The T wave 
of lead I alone was flattened or inverted in 19 cases. In 2 cases it was 
abnormal in both leads I and II; and in 5 cases the three standard leads 
were involved. Inversion of the T wave in lead IV F alone was found 
in 5 cases. In 31 cases abnormalities of 1 or more T waves were 
observed. These excluded the T wave in lead III alone which is not 
generally considered pathologic, especially in the presence of left axis 
deviation.® 


7. Sampson, J. J., and Nagle, O. E.: The Prognosis of Bundle Branch Block 
and Other Intraventricular Conduction System Lesions, Am. J. M. Sc. 191:88, 1936. 
Bishop, L. F., and Bishop, L. F., Jr.: Bundle Branch Block of Unusual Duration, 
J. A. M. A. 98:398 (Jan. 30) 1932. Kaplan, L. G., and Katz, L. N.: Prognosis of 
Intraventricular Block, Am. Heart J. 18:145, 1939. 

8. Parkinson, J., and Bedford, D. K.: Cardiac Infarction and Coronary 
Thrombosis: Successive Changes in the Electrocardiogram, Heart 14:195, 1928. 
Smith, F. M.: Electrocardiographic Changes Following Occlusion of the Left 
Coronary Artery, Arch. Int. Med. 32:497 (Oct.) 1923. 

9. Berliner, K., and Master, A.: Mitral Stenosis: A Correlation of Electro- 
cardiographic and Pathologic Observations, Arch. Int. Med. 61:39 (Jan.) 1938. 
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Q Wave in Lead IV F.—A prominent initial ventricular deflection 
in lead IV F was noted in 18 persons. In 5 of these it was associated 
with intraventricular conduction defects. In 1 it occurred with inver- 
sion of the T wave in leads I, II and III. The remaining 12 were isolated 
examples of prominence of the Q wave in lead IV F. One of these 
persons was a 75 year old active waiter whose past history was not 
significant ; he had a negative Wassermann reaction of the blood and a 
blood pressure of 150 mm. of mercury systolic and 80 mm. diastolic. 
The area of cardiac dulness was slightly enlarged, the cardiac sounds 
were normal and there was no evidence of congestive failure. Two 
months’ following the examination he died after an attack of 
bronchopneumonia resulting from an alcoholic episode. Postmortem 
examination revealed an area of localized constriction in the left anterior 
descending coronary artery at a level 2 cm. distal to the bifurcation of the 
left anterior coronary artery. An area of cardiac infarction included the 
apex of the heart; it was an old lesion, and no recent areas of myo- 
malacia were observed. Bilateral bronchopneumonia was the evident 
cause of death. Arteriosclerosis was advanced in all vessels and was 
principally of the central type. It is of interest to note that this death 
was the only one that occurred in the series within eight months of 
study. No cardiovascular lesions of any sort have been discovered 
although all persons included in the series have been under personal 
observation and all have received regular follow-up examinations since 
the beginning of the study. 

In 3 persons both a prominent Q wave and an inverted T wave in 
lead IV F were encountered. One of them had the right axis deviation 
and the second had the rheumatic heart disease with complete auriculo- 
ventricular dissociation previously commented on. The third had had 
acute coronary occlusion three years previously. These 3 persons were 
not included in the series. Their cases strongly suggested that the 
presence of a prominent downward initial ventricular deflection in 
combination with an inversion of the T wave in lead IV F is indicative 
of cardiac disease. 

Electrocardiograms Within Normal Limits. — Electrocardiograms 
which are considered to be within normal limits were noted in 15 
persons. Those records which presented ectopic beats from a single 
focus, either auricular or ventricular, or sinus bradycardia with a rate 
exceeding 50 beats per minute when uncomplicated by other conditions 
were not considered sufficiently abnormal to be excluded. Because 
of observations of other investigators,’ the inclusion, in the so-called 
normal group, of persons with partial auriculoventricular conduction 
defects or abnormally low voltage was not considered strictly correct. 
Although in elderly persons these conditions were commonly found, 
they have generally been associated with a deficient coronary circula- 
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tion. Especially abnormally low voltage, when noted in younger age 
groups, is generally considered *° a sign of extensive myocardial involve- 
ment. In this series, however, abnormally low voltage is compatible 
with a relatively normal functional capacity for the age group. It was 
noted in 37 per cent of all persons, and seldom was associated with 
the electrocardiographic observations usually assumed to be consistent 
with myocardial damage. 
COMMENT 

It is apparent that many, if not all, of these electrocardiographic 
changes are probably the result of minor silent coronary occlusions. 
The more extensive changes recorded may well be a manifestation of 
repeated episodes of this type occurring not only asymptomatically but 
also without objective clinical evidence. Which of these electrocardio- 
grams represent the result of small fibrotic cardiac lesions following 
silent, acute coronary occlusions and which represent the slow, gradual 
process of narrowing of the coronary arteries is impossible to determine. 
It is reasonable to assume, however, that these records revealing evi- 
dences of myocardial disease which in younger persons are associated 
with acute coronary thrombosis are caused by a similar process in 
later life. 

According to the data presented, the electrocardiogram in the older 
age group must be interpreted with greater care than in children or in 
the middle-aged group, and the usual standards of normalcy cannot be 
adhered to too strictly. Only 15 per cent of the persons in this series, 
consisting of active asymptomatic persons over 70 year of age, pre- 
sented a normal electrocardiogram by the usual standards. 

In a person over 70 years of age who is suspected of having a cardiac 
disorder, especially an acute coronary occlusion, certain observations 
may be considered of value in corroborating the diagnosis. Such find- 
ings are the electrocardiographic changes associated with manifestations 
of cardiac disease which were observed in the persons whose cases were 
described but who were excluded from this series. Among the lesions 
that occurred together with inadequate cardiac function or anginal pain 
were complete auriculoventricular block, which was noted in the person 
with rheumatic heart disease, and bundle branch block (common form), 
which was noted in 3 persons. 

Right axis deviation was not observed in any of the persons reported 
on and should be considered a pathologic lesion in the age group studied. 
Left axis deviation, on the other hand, was noted in 62 per cent of 
the persons in this series. 

The QT type of electrocardiogram in lead I which is usually consid- 
ered a sign of anterior coronary occlusion was encountered but once in 


10. White,® p. 128. 


e 


ELIASER-KONDO—ELECTROCARDIOGRAM IN LATER LIFE 


this series and therefore may be regarded as significant. The type of OT 
change in lead III (the posterior group) was noted five times and would 
seem to demand greater attention although it is consistent with unre- 
stricted activity. An ST interval above the base line was found in 
2 instances in leads I and III; although this change is difficult to 


interpret, it is not necessarily one“ to be viewed with alarm in this 
age group. 

Inversion of the T wave in any or all leads was common in this 
series, occurring in 31 per cent of the persons, and hence was not sig- 
nificant. However, the occurrence of an inverted T wave in lead IV F 
associated with a prominent Q wave in lead IV is a combination fre- 
quently identified with myocardial damage. Incidentally, the occurrence 
of a prominent Q wave in lead IV F alone is of little significance, 
although in 5 of the 18 persons studied it was accompanied by intra- 
ventricular conduction defects. Slow, untreated auricular fibrillation 
not only appears to be of minor importance in itself but usually does 
not occur with other changes suggesting cardiac disease. In contra- 
distinction to the rapid ventricular rates in untreated auricular fibrilla- 
tion in younger age groups, the presence of an auriculoventricular 
block so frequently observed in the aged may obviate the rapid ventricular 
rate. This occurrence may explain the absence of any noticeable dis- 
ability from auricular fibrillation in the cardiac mechanism in later life. 

In summary, it may be stated that in attempting to establish a base 
line for an electrocardiogram of persons over 70 years of age, left axis 
deviation, unusually low voltage, partial latent auriculoventricular con- 
duction defects and inverted or depressed T waves in any or all leads 
may be considered normal. Other cardiographic changes observed in 
this series of apparently normal persons were: considerable sinus brady- 
cardia in 13 per cent, intraventricular conduction defects in 24 per cent, 
and prominence of the Q wave in lead IV F in 18 per cent. These are 
conditions which in a younger age group would not be considered 
normal. Only 15 per cent of the persons were considered to have 
normal electrocardiograms, and these included persons presenting ectopic 
beats from a single focus and/or sinus bradycardia with a rate exceeding 
50 beats per minute in the absence of other complications. If persons 
having these two arrhythmias were to be excluded, only 12 per cent 
of the electrocardiograms could be interpreted as normal by the usual 
criteria. 

SUMMARY AND CONCLUSIONS 

A group of 100 active, employable, asymptomatic persons between 

the ages of 70 and 92 years, who presented no clinical evidence of 


11. Bohning, A., and Katz, L. N.: Unusual Changes in the Electrocardiogram 
of Patients with Recent Coronary Occlusion, Am. J. M. Sc. 186:39, 1933. 


646 ARCHIVES OF INTERNAL MEDICINE 


cardiac disease other than systolic mitral murmurs of the arteriosclerotic 
type and slow, untreated auricular fibrillation, were examined electro- 
cardiographically. 

Certain electrocardiograms which are usually considered pathologic 
occurred with sufficient frequency to be considered normal for this 
age group. They included records of left axis deviation, abnormally 
low voltage, sinus bradycardia, partial latent auriculoventricular conduc- 
tion defects, intraventricular conduction defects and inversion and flat- 
tening of the T waves in any or all leads. 

Some changes occurred in a sufficiently small percentage of persons 
to warrant the impression that when noted they could be considered 
only presumptive evidence of myocardial disease. These were: auricular 
fibrillation ; bundle branch block; elevation of the ST intervals above 
the base line, especially in the first standard lead, and the occurrence of 
the type of QT changes in lead I associated with anterior coronary 
occlusion. 

Definite abnormalities of the cardiovascular system were suggested 
by electrocardiographic changes in which a prominent Q wave was 
observed in association with an inversion of the T wave in lead IV F, 
complete auriculoventricular dissociation and right axis deviation. 

It is intimated that greater care must be taken in the interpretation 
of the electrocardiograms of persons in later life than in the interpreta- 
tion of those of the younger age groups if errors of commission are 
to be avoided in the diagnosis of acute lesions of the coronary arteries. 
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For some time a transitory insufficiency of the coronary blood flow 
has been accepted as the physiologic basis for the anginal syndrome. 
Only recently,’ however, has it been sufficiently realized in this country 
that infarction of the myocardium may result from acute coronary insuf- 
ficiency, in the absence of coronary occlusion or even of coronary 
sclerosis. The German literature? has emphasized the frequency of 
cardiac infarction due to coronary insufficiency. In two large series 
of cases of myocardial infarction studied post mortem, Graef * and Horn * 
found recent coronary occlusion in only 60 per cent, the remaining 
infarcts being associated with coronary insufficiency. Several authors ° 
have stated that in sudden death due to disease of the coronary arteries 
an acute occlusion frequently is not found. 


From the Cardiographic Laboratory, the Mount Sinai Hospital. 
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These two types of infarction differ sharply in their pathogenesis 
and in the pathologic changes they present. Occlusion of a coronary 
artery is the end result of a progressive process in a sclerotic vessel. 
It is followed, as a rule, by a relatively large confluent area of infarction 
extending through and through from endocardium to pericardium. 
Coronary insufficiency, on the other hand, exists whenever a dispropor- 
tion arises between the oxygen requirements of the heart and the coro- 
nary blood flow; it is provoked by factors which increase the work 
of the heart or reduce the coronary circulation. This concept was clearly 
stated by Hall® as early as 1842. If the inadequacy of coronary flow 
is of sufficient duration or degree, the ischemia results in irreversible 
changes in the myocardium. This type of infarction differs from that 
following coronary occlusion in that it consists usually of disseminated 
foci of myomalacia and is largely subendocardial, involving particularly 
the papillary muscles and interventricular septum. There are very rare 
exceptions in which there are extensive areas of infarction. 

In spite of these differences in pathogenesis and morphology, the 
clinical features of myocardial infarction due to coronary insufficiency 
may be similar to those of infarction following coronary occlusion, 
and the two conditions may be confused. Since myocardial infarc- 
tion following coronary insufficiency is now known to be common, the 
differential diagnosis from occlusion is important. It seemed to some 
of us’ that there might be differences in the electrocardiogram since 
the pathologic changes in the two conditions were distinct. Buchner * 
found depression of the RS-T segment and changes in the T wave in 
his cases of coronary insufficiency in contradistinction to the elevation 
of the RS-T segment observed in coronary occlusion. It was the purpose 
of this study to determine the frequency of such electrocardiographic 
changes and their value in differential diagnosis. 


MATERIAL 


Forty-eight fatal cases were studied in which necropsy showed recent myoma- 
lacia without acute coronary occlusion. The coronary arteries were examined 
throughout their course with extreme care, being cut horizontally at intervals of 
2 to 3 mm. Numerous sections of the arteries and myocardium were studied 
microscopically.1» Coronary sclerosis was present in the majority of cases, and 
cardiac enlargement was common. 


6. Hall, M.: On the Mutual Relation Between Anatomy, Physiology, 
Pathology and Therapeutics and the Practice of Medicine: Being the Gulstonian 
Lectures for 1842, London, H. Bailliére, 1842, p. xii. 

7. (a) Master, A. M.; Dack, S., and Jaffe, H. L.: Activities Associated with 
the Onset of Acute Coronary Artery Occlusion, Am. Heart J. 18:434, 1939. (b) 
Master, A. M., and Jaffe, H. L.: Coronary Insufficiency and Myocardial Necrosis 
Due to Acute Hemorrhage, J. Mt. Sinai Hosp. 7:26, 1940. 
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Our series included cases illustrating the common causes of acute coronary 
insufficiency. The causes could be divided roughly into two groups, those resulting 
in greatly increased work of the heart and those producing a reduction in 
coronary blood flow. Among the former were heart failure (11 cases), aortic 
stenosis (4 cases),® hypertensive crises (4 cases), postoperative complications 
(7 cases) ?° and infection (4 cases). The second group comprised acute loss of 
blood (5 cases),*® severe anemia (1 case), heart block (1 case), heart failure 
(11 cases),22 shock following operation (7 cases),2° an acute condition in the 
abdomen (2 cases), cerebral hemorrhage (2 cases), pulmonary embolism (3 
cases) 12 and cor pulmonale due to emphysema (3 cases). Tachycardia, which also 
produces coronary insufficiency, was present in the majority of cases. 

Electrocardiograms were acceptable for study in 23 cases, since the changes 
encountered could be attributed directly to the episode of acute coronary insufficiency. 
In 14 of these, control records were obtained prior to the attack. In the other 
9 cases electrocardiograms were obtained after the attack only, but the abnor- 
malities were certainly produced by the coronary insufficiency since changes 
occurred from day to day and no evidence of preexisting disease was found at 
necropsy. The electrocardiograms in the remaining 25 cases were not included 
in this report since the changes could not be ascribed with certainty to coronary 
insufficiency because of the presence of chronic heart disease or because digitalis 
had been administered in several cases. It is probable that in at least some of 
these cases the alterations in the electrocardiogram were due to coronary insuffi- 
ciency, since they resembled those observed in the accepted group. 

Several illustrative cases will be cited. 

Case 1.—Myocardial infarction without coronary occlusion following operation. 

N. R., a man aged 63, entered the hospital with symptoms of prostatic hyper- 
trophy. There was no history of angina pectoris or dyspnea. The heart was not 
enlarged. The blood pressure was 138 systolic and 78 diastolic. The electro- 
cardiogram (fig. 14) showed only slight slurring of the QRS complex, which 
measured 0.10 second in duration. A first stage suprapubic prostatectomy was 
done, and several days afterward the patient had transitory precordial pain. At 
this time the electrocardiogram (fig. 1B) exhibited a distinct depression of the 
RS-T segment in leads I, II and IV. The T waves were flattened in leads I 
and II and inverted in lead III. Two days later a second stage prostatectomy 
was performed, after which the course was uneventful except for considerable 
fever for several days. On the fourteenth postoperative day the patient was seized 
with severe precordial pain and went into shock, the blood pressure falling to 80 
systolic and 60 diastolic. There were rales at the bases of both lungs. The elec- 
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trocardiogram (fig. 1C) now showed definite inversion of the T wave in leads 
II and III, with persistent depression of the RS-T interval in the standard leads. 
The patient recovered within half an hour, and his condition was satisfactory 
until the next day when a similar episode occurred, which ended fatally. At post- 
mortem examination acute myomalacia of the posterior wall and posterior papillary 
muscle of the left ventricle was found. The coronary arteries were sclerotic and 
severely narrowed, but no recent occlusion was present. 

Case 2.—Myocardial infarction without coronary occlusion following cardiac 
failure in aortic stenosis. 

P. K., a woman aged 65, was admitted to the hospital in 1931 because of myo- 
cardial failure associated with aortic stenosis of undetermined cause. The electro- 
cardiogram was typical of a large left ventricle (fig. 24). During the next five 
years the patient was in a condition of mild congestive failure. Two weeks before 
the present admission she had an attack of precordial pain lasting two days. 


A-7/24/37 B-6/4,/37 - 


Fig. 1.—Case 1, N. R.,a man aged 63, had myocardial infarction without coronary 
occlusion after prostatectomy. A, the preoperative electrocardiogram was normal 
except for a small Q wave in lead I and a slight slurring of the QRS complex, 
which measured 0.10 second in duration. B, in a record made eight days after 
a first stage prostatectomy the RS-T interval was depressed in leads I, II and IV 
and the T wave was lower in leads I and II and semi-inverted in lead III. C, ina 
record made fourteen days after a second stage prostatectomy and immediately 
after an attack of acute coronary insufficiency the RS-T interval was still depressed 
in standard leads and the T wave was definitely inverted in leads II and III. 
The clinical course simulated acute coronary occlusion. Postmortem examination 
revealed acute and organizing infarction of the posterior wall of the left ventricle. 
The coronary arteries were sclerotic, but no recent occlusion was present. 


This was followed by expectoration of bloody sputum and by fever. The diagnosis 
was coronary occlusion, aortic stenosis, auricular fibrillation and cardiac failure. 
The white blood cell count was 32,000, and the temperature was 102 F. The 
electrocardiogram (fig. 2B) showed auricular flutter with complete auriculo- 
ventr.cular dissociation and marked depression of the RS-T segment in leads I 
and IV. Postmortem examination showed microscopic areas of myocardial infarc- 
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Fig. 2.—Case 2, P. K., a woman aged 65, had coronary insufficiency due to calcific 
aortic stenosis and congestive heart failure. The clinical course suggested acute 
coronary occlusion. A, a control electrocardiogram taken five years ago showed 
marked left axis deviation, high voltage of the QRS complex, depression of the ST 
interval in lead I and elevation in lead III and inversion of the T wave in lead I and 
flattening in lead II. This pattern is characteristic of a very large left ventricle 
such as is seen in aortic stenosis. 8B, in a record made aiter an attack of acute 
coronary insufficiency there was a marked depression of the ST interval in leads I 
and IV and an increased elevation in lead III. Auricular flutter with auriculo- 
ventricular dissociation and a regular idioventricular rate of 120 were present. 
Postmortem examination showed “fish mouth” aortic stenosis. The coronary 
arteries were normal. The myocardium revealed microscopic areas of necrosis. 


Fig. 3.—Case 3, T. L., a woman aged 19, had myomalacia following severe intes- 
tinal hemorrhage in ulcerative colitis. The electrocardiogram showed depression of 
the ST interval and marked flattening of the T wave in the standard leads. Post- 
mortem examination revealed disseminated areas of myocardial necrosis chiefly 
in the papillary muscles of the left ventricle. The coronary arteries were normal. 
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tion, although the coronary arteries were relatively normal. There was chronic 
rheumatic valvular disease with mitral stenosis and insufficiency and “fish mouth” 
aortic stenosis. The heart was generally hypertrophied. 

Case 3.—Acute myomalacia following intestinal hemorrhage in ulcerative colitis. 

T. L., a woman of 19, without previous evidence of heart disease, entered the hos- 
pital in a condition of profound anemia caused by bloody diarrhea on the basis 
of ulcerative colitis. The hemoglobin content was only 14 per cent, and the red 
blood cells numbered 750,000 per cubic millimeter. Marked tachycardia, gallop 
rhythm, a harsh systolic murmur over the precordium and rales at the bases of 
the lungs were present. The electrocardiogram (fig. 3) showed depression of 
the RS-T segment and flattening of the T wave in the three standard leads. 
Postmortem examination revealed scattered foci of myocardial necrosis involving 
chiefly the papillary muscles of the left ventricle. The coronary arteries were 
entirely normal. 


Fig. 4.—A. F., a woman aged 53, with long-standing hypertensive heart disease, 
had myocardial infarction following recurrent pulmonary embolism. 4, a con- 
trol electrocardiogram made three years ago revealed a typical hypertensive 
pattern. There was marked left axis deviation, high voltage of the QRS complex, 
depression of the ST interval in leads I and II and deep inversion of the T wave 
in leads I, II and IV. B, in an electrocardiogram made after pulmonary embolism 
which clinically simulated coronary occlusion, the depression of the ST interval 
was more marked in leads I, II and IV and there was an incomplete auriculo- 
ventricular dissociation with dropped beats. C, in the electrocardiogram made the 
next day the depression of the ST interval was more marked in all leads. Sinus 
tachycardia with a rate of 135 was now present. Postmortem examination revealed 
recurrent embolism of the main branches of the pulmonary artery. The myo- 
cardium showed focal areas of subendocardial necrosis particularly in the left ven- 
tricle. The coronary arteries showed only slight sclerosis without narrowing or 
occlusion. 
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RESULTS 


Clinical Features.—Frequently the symptoms and signs of acute 
coronary insufficiency are identical with those of acute coronary occlu- 
sion. The onset may be abrupt, with severe precordial pain, collapse 
and vomiting, followed by heart failure, changes in the heart sounds, 
drop in blood pressure, fever, leukocytosis, etc. However, the attack 
of coronary insufficiency could often be suspected clinically owing to the 
presence of a definite precipitating factor, such as operation, shock, 
acute hemorrhage or aortic stenosis. This in turn might mask some 
or all of the symptoms of the attack. Thus a patient in shock or under 
sedation after operation may not be alert to precordial pain. There- 


Summary of Electrocardiographic Findings in Coronary Insufficiency 
with Infarction (23 Cases) 


Incomplete auriculoventricular dissociation with dropped seats...........- 

Axis deviation 
Left axis deviation disappeared.................... 

PR interval 
Prolonged to 0.21 to 0.24 second. . | 

QRS complex 


No. LeadI LeadII LeadIII Lead IV 


15 15 14 11 7 

Became inverted ........ Wiss sae <A 10 11 5 
Became Gattened 0 3 1 


. 


3 


fore, the first sign of infarction due to coronary insufficiency may be 
a sudden drop in blood pressure or the sudden appearance of heart 
failure. 

In the majority of cases signs of previous heart disease were evident. 
Hypertension, cardiac enlargement, severe coronary sclerosis and pre- 
vious heart failure were common. Long-standing aortic valvular disease 
was present in 5 cases. 

The Electrocardiogram.—More than one record, including the pre- 
cordial lead, was obtained in each case; the average number was two. 
They were taken before the agonal stage had set in. In 14 cases control 
electrocardiograms taken before the attack of coronary insufficiency 
were available. The findings are summarized in the table. 

The outstanding deviations in the electrocardiogram were a depres- 
sion of the RS-T segment of 1 mm. or more and a slight inversion of 
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the T wave in two or more leads. These were present in 20 of the 23 
cases. The changes were equally common in the first, second and third 
leads but occurred in less than half of the cases in the precordial lead. 
They usually appeared soon after the attack of coronary insufficiency 
and in these fatal cases persisted until death, which occurred usually 
within a week. Not infrequently the depression of the RS-T segment 
was marked and the T wave definitely inverted, although a very deeply 
inverted or cove plane T wave was not observed. As a rule the 
changes were maximal on their initial appearance and only occasionally 
progressed. 

In contrast to the frequency of depression of the RS-T segment, 
elevation of this segment was infrequent, occurring only 6 times. It 


Fig. 5.—R. K., a woman aged 55, had bleeding peptic ulcer with precordial pain 
due to coronary insufficiency. A, in an electrocardiogram, made during the stage of 
acute anemia when the hemoglobin content was 39 per cent, there was left axis 
deviation and slurring of the QRS complex, the ST interval was depressed in 
leads I and II and the T wave was semi-inverted in lead I and flattened in II 
and IV. 8B, in an electrocardiogram made after the cessation of bleeding and 
several blood transfusions, when the hemoglobin content was 68 per cent and 
precordial pain was no longer present, the ST interval was only slightly depressed 
in lead I and the T wave was upright and of normal amplitude in leads I, II 
and IV. 


was most often present in the third lead and usually was accompanied 
by reciprocal depression in the first lead. It was never marked. Ele- 
vation of the RS-T segment in lead I occurred only once. 

Another striking negative finding in coronary insufficiency, in con- 
trast to coronary occlusion, was the paucity of Q waves, which were 
observed only 7 times. Not once was a Q wave encountered in the 
first lead. In 1 case it is possible that the Q wave in leads II and III 
preceded the episode of coronary insufficiency. 


A- 1211/39 12/27/39 
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Other abnormalities in the electrocardiogram occurring after coronary 
insufficiency were uncommon. Sinus tachycardia was constant. Auricular 
bigeminy, ventricular extrasystoles, auricular flutter and complete and 
incomplete auriculoventricular dissociation each occurred once. In 1 
case the PR interval became prolonged to 0.30 second, in another case 
to 0.24 second and in 3 cases it was 0.21 to 0.23 second. In 2 cases left 
axis deviation disappeared, and in 1 right axis deviation set in accom- 
panied by heart failure. In 4 cases the QRS complex became slurred 
and widened to 0.13 second under observation. In 8 other cases slurring 
may have been present prior to the attack. 

Nonfatal Coronary Insufficiency.—In addition to the cases reported, 
we have made the diagnosis of coronary insufficiency with infarction in 
a number of patients who survived, from the typical electrocardiographic 
changes and usually a precipitating factor, such as cerebral hemorrhage, 
peptic ulcer with acute hemorrhage (fig. 5) or an operation. In the cases 
of some of these patients the course was mild or even asymptomatic, and 
the electrocardiogram returned to normal within a week or two. In others 
the episode simulated acute coronary occlusion or severe angina pectoris. 
It is our impression that in the past such conditions were labeled small 
coronary occlusions. However, the mild course, the presence of depres- 
sion instead of elevation of the RS-T interval and the rapid return of 
the electrocardiogram to normal (fig. 5) suggested the presence of 
coronary insufficiency and not coronary occlusion. 


COMMENT 


The electrocardiogram in acute coronary insufficiency with infarction 
is characterized by the presence of a depressed RS-T interval and changes 
in the T wave, and by the absence of an elevated RS-T interval and a Q 
wave. It thus differs very definitely from the usual patterns observed in 
coronary occlusion. In 250 cases of the latter, elevation of the RS-T seg- 
ment was present in 85 per cent and a Q wave in 89 per cent; only 7 
per cent of the cases showed neither a Q wave nor an elevation of the 
RS-T interval. In addition, a reciprocal relationship existed between 
elevation in lead I and depression in lead III in anterior infarction and 
vice versa in posterior infarction. Hence as a rule the electrocardiogram 
differentiates myocardial infarction due to coronary insufficiency from 
that due to coronary occlusion. Occasionally, however, the electro- 
cardiogram in either condition is atypical and not diagnostic. Thus, 
in 6 out of 100 cases of coronary occlusion in which the diagnosis 
was confirmed at necropsy there was depression of the RS-T segment 
in all leads without elevation. Also, sometimes only changes in the 
T wave, without deviations in the RS-T segment, are observed in 
coronary occlusion. On the other hand, we have seen that in coronary 
insufficiency a Q wave or slight elevation of the RS-T segment is 
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present occasionally in lead III or IV. However, these are exceptional 
cases, and we believe a useful rule is the following: When a Q wave 
or elevation of the RS-T segment is present, especially in lead 
I or II, the condition is coronary occlusion with infarction; when 
depression of the RS-T segment alone is present, the cause is probably 
coronary insufficiency without occlusion. 

The differences in the electrocardiogram in coronary insufficiency and 
coronary occlusion can be explained by the dissimilar pathologic changes. 
It has been suggested ** that the elevation of the RS-T segment in 
coronary occlusion is associated with pericardial involvement, which is 
common in this condition. In coronary insufficiency, the areas of 
necrosis are focal and scattered and chiefly subendocardial; the peri- 
cardium is spared. Therefore, elevation of the RS-T interval is absent 
and is replaced by depression. Recently Boyd and Scherf ** have shown 
that injury to the epicardium at the apex of the heart produces a high 
take-off of the RS-T segment, whereas injury to the endocardium pro- 
duces depression of this segment with slight inversion of the T wave. 

That depression of the RS-T segment is due to coronary insufficiency 
receives confirmation in the observations foliowing induced effort *° or 
rebreathing *® and the administration of epinephrine or insulin. These 
procedures increase the work of the heart or diminish the coronary flow 
and therefore, in persons with coronary disease, frequently result in a 
state of coronary insufficiency. Actually, they may produce transient 
depression of the RS-T segment in the electrocardiogram, which may 
be employed as a diagnostic test of coronary disease. 

Coronary insufficiency of greater or lesser degree is probably 
extremely common. Its clinical significance depends on its severity 
and on the degree of preexisting cardiac involvement. When the 
disproportion between cardiac demand and coronary flow is mild and 
if the heart is normal or only slightly involved by preexisting disease, 
there may be no symptoms or the patient may suffer a mild anginal 
attack. This is usually of short duration and is probably unaccompanied 
by any structural change in the myocardium. Thus, after operation, we 


13. Pezzi, C.; Defrise, A., and Agostoni, G.: L’onde en déme coronarienne de 
Smith et Pardee chez le chien; recherches expérimentales, Arch. d. mal. du 
ceetur 30:929, 1937. Schwab, R.: Experimentelle Untersuchungen iiber die 
Entstehung des Infarktbildes im Extremitaten-Elektrokardiogramm, Ztschr. f. d. 
ges. exper. Med. 103:1, 1938. 

14. Boyd, L. J., and Scherf, D.: The Electrocardiogram After Mechanical 
Injury of the Inner Surface of the Heart, Bull. New York M. Coll., Flower & 
Fifth Ave. Hosps. 3:4, 1940. 

15. Scherf, D., and Goldhammer, S. T.: Zur Friihdiagnose der Angina pectoris 
mit Hilfe des Elektrokardiogrammes, Ztschr. f. klin. Med. 124:11, 1933. 

16. Katz, L. N.; Hamburger, W. W., and Schutz, W. J.: The Effect of Gen- 
eralized Anoxemia on the Electrocardiogram of Normal Subjects, Am. Heart J. 
9:771, 1934. 
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have observed electrocardiographic changes in patients who have felt 
well and even walked about without symptoms. However, when the 
degree of coronary insufficiency and myocardial damage is great, necrosis 
of the heart muscle takes place and death may result. 

The diagnosis of coronary insufficiency, in contradistinction to coro- 
nary occlusion, should suggest itself when an episode of severe precordial 
pain, shock or heart failure is associated with some factor capable of 
increasing the work of the heart or decreasing the coronary flow. The 
chief of these precipitating factors are: shock following operation, pul- 
monary embolism or acute hemorrhage ; marked tachycardia or brady- 
cardia ; impaired oxygen.capacity of the blood, as in acute anemia ; aortic 
stenosis or insufficiency, and heart failure itself, associated with slowing 
of the circulation. We have not observed any instance of coronary 
insufficiency with myocardial infarction produced by effort or excitement, 
but this sequence seems theoretically possible since the heart rate and 
blood pressure and therefore the cardiac work are increased. The 
ordinary anginal syndrome is almost always associated with effort or 
excitement ; if these factors are severe or prolonged and the coronary 
arteries very sclerotic, the resulting anoxemia may be sufficient to pro- 
duce necrosis of the muscle. 

SUMMARY 


A clinical and electrocardiographic study was made of 48 cases of 
acute coronary insufficiency, i. e., recent myomalacia without acute cor- 
onary occlusion. 

The myomalacia following coronary insufficiency differs, as a rule, 
from that following coronary occlusion by its focal and disseminated 
character and its localization in the subendocardium and papillary muscles 
of the left ventricle. 

Clinically, coronary insufficiency is usually associated with some 
factor which increases the work of the heart or diminishes the coronary 
flow, most often in a subject with antecedent cardiac enlargement and 
coronary sclerosis. The precipitating factors in the series studied 
included: heart failure; shock due to operation, pulmonary embolism, 
acute hemorrhage and infection; marked tachycardia or bradycardia; 
acute anemia; aortic valve disease, and hypertensive crises. 

The electrocardiogram of acute coronary insufficiency with infarction 
is characterized by the presence of a depressed RS-T segment and 
flattening or inversion of the T wave in two or more leads. The occur- 
rence of an elevated RS-T segment or a Q wave, particularly in lead I, 
is rare. The electrocardiogram thus differs from that of acute coronary 
occlusion in which the latter changes are common. 

The presence of a depressed RS-T segment in acute coronary 
insufficiency is attributed to the subendocardial localization of the 
infarction. 


al 
d 
n 
y 
d 
1 
f 


HYPERPARATHYROIDISM WITH ADENOMA CAUSING 
RENAL FAILURE AND SECONDARY 
HYPERPARATHYROIDISM 


REPORT OF A CASE 


ROGER S. DOWNS, M.D. 
FARMINGTON, CONN. 
AND 


VIRGIL SCOTT, M.D. 
DURHAM, N. C. 


It is well recognized that a serious form of renal disease may result 
from hyperparathyroidism.' It is also well established that chronic 
renal insufficiency frequently is associated with secondary hyperplasia 
of the parathyroid glands.* On a priori grounds, therefore, one can 
reason that a paradoxic situation might exist wherein long-standing 
renal disease resulting from a parathyroid adenoma is so severe as to 
stimulate further overactivity of the other parathyroid glands. Actually 
this does occur. Johnson * reported a case in which removal of a para- 
thyroid adenoma was followed by death from hypertension and uremia 
four years later, at which time the remaining parathyroid glands showed 
enlargement and hyperplasia. The following case report is submitted 
because it is the first to our knowledge in which secondary parathyroid 
hyperplasia has been proved to coexist with a parathyroid adenoma. 


REPORT OF CASE 


A. C., a former insurance salesman, aged 50, entered the Rochester Municipal 
Hospital in May 1938 complaining of attacks of pain in the right flank, an 


From the Department of Medicine, University of Rochester School of Medicine 
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ammoniacal taste in the mouth and increasing weakness and fatigability. The 
attacks of pain began fifteen months before entrance to the hospital, at first 
occurring infrequently and only momentarily. Just before admission they had been 
occurring every two weeks and sometimes had lasted as long as eight hours, 
with radiation of the pain from the flank to the anterior part of the abdomen and 
to the genitalia. They were frequently accompanied by chills and fever; grossly, 
bloody urine had been noted in association with the more severe attacks. The 
patient had lost about 35 pounds (15.9 Kg.) in weight. 

Of significance in the past history were the occurrence of renal colic with 
the passage of stones twenty years previously, hypertension, said to have been 
present for at least fifteen years, and nocturia, necessitating passage of urine 
three to four times a night for many years. He denied having had pains in the 
bones or extremities, except on two occasions during the past year, when the 
joints in each first toe became swollen, red and painful. 

On examination at the time of his first admission to the hospital the patient 
was thin and fairly well developed. He appeared chronically ill. A uriniferous 
odor could be detected on his breath. The eyegrounds showed rather marked 
narrowing and tortuosity of the retinal arteries, but there were no hemorrhages 
or exudates. Dental caries and pyorrhea were noticeable. No mass could be 
palpated in the region of the parathyroid glands. The lungs were clear. The heart 
seemed slightly enlarged to the left. There was an apical systolic murmur of 
moderate intensity. The second aortic sound was accentuated. The blood pressure, 
measured in millimeters of mercury, was 190 systohe and 130 diastolic. The radial 
vessels were rubbery. The abdominal examination gave normal results except for 
appreciable tenderness in the right costovertebral angle. The remainder of the 
physical examination added nothing of significance. 


Laboratory Data—The Wassermann and Kahn reactions of the blood were 
negative. Examination of the blood revealed anemia, with a red cell count of 
2,600,000 and a hemoglobin concentration of 8.5 Gm. per hundred cubic centi- 
meters (Sahli). The total and differential white cell counts were within normal 
limits. On repeated examinations the urine showed a specific gravity fixed in the 
neighborhood of 1.008 and a slight to a moderate trace of albumin. The sediment 
contained numerous pus cells, an occasional red cell and an occasional granular 
cast. Four cultures of the urine were sterile. On two occasions the excretion 
of phthalein was approximately 10 per cent in two hours. 

The initial chemical determinations on the serum were as follows: nonprotein 
nitrogen 78 mg. per hundred cubic centimeters, uric acid 5.5 mg., calcium 7.5 mg., 
phosphorus 4.1 mg., albumin 4.6 Gm. and globulin 1.6 Gm. 

Roentgenograms revealed the following: Mottled areas of increased density 
were scattered over the regions of both kidneys (fig. 1). There was slight enlarge- 
ment of the heart in the region of the left ventricle. The long bones and skull 
revealed considerable general decalcification. No localized cystic areas were 
observed. 

No additional evidence to support a diagnosis of primary hyperparathyroidism 
could be obtained either in repeated determinations of serum calcium and 
phosphorus or in studies of urinary calcium, which revealed an excretion of 24 mg. 
per twenty-four hours during a four day period with the patient on a house diet. 
Therefore, an exploratory operation for a parathyroid adenoma was deemed 
inadvisable. The patient was placed on a low protein-low purine diet and was 
discharged after thirty days of hospitalization. Results of chemical analysis of 
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the blood at the time the patient was discharged were as follows: nonprotein 
nitrogen 63 mg. per hundred cubic centimeters, creatinine 6.7 mg., uric acid 3.6 
mg., serum calcium 8.8 mg. and serum phosphorus 4.0 mg. 

Second Admission.—The patient was not seen again until he reentered the 
hospital in December 1938. His condition had remained stationary for the first 
several months after discharge. Then increasing weakness, anorexia and loss of 
weight recurred, with occasional morning nausea and vomiting. Pain and tender- 
ness in the right flank had been present intermittently, but no further attacks of true 
colic or of hematuria had occurred. 


overlying the regions of both kidneys. 


On entry the patient’s rectal temperature was 37.5 C. (99.5 F.); the pulse rate 
90 beats per minute and the respiratory rate 20 per minute. His condition presented 
the picture of terminal renal insufficiency. He was lethargic, but roused frequently 
to move about restlessly. Occasional muscular twitchings were visible in the 
extremities. Chvostek’s and Trousseau’s signs could not be elicited, however. 
The skin was dry and pale. There was extreme pallor of the nail beds and the 
mucous membranes. The breath was strongly uriniferous. The eyegrounds showed 
many exudates and both old and recent hemorrhages. There was no papilledema. 
The other results of the physical examination were essentially the same as those 
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Fig. 1—Roentgenogram of the abdomen showing scattered areas of calcification 
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previously described. The blood pressure measured 160 mm. of mercury systolic 
and 92 mm. diastolic. 

Anemia was more noticeable, the red cells numbering 1,670,000 per cubic milli- 
meter and the hemoglobin concentration being 6.0 Gm. per hundred cubic centi- 
meters. The white count was 8,700, with neutrophils 83 per cent, lymphocytes 
13 per cent, monocytes 3 per cent and basophils 1 per cent. The urine was 
alkaline, with a specific gravity of 1.007 and a trace of albumin. The sediment 
contained a few white cells. No red cells or casts were seen. Chemical analysis 
of the blood showed a nonprotein nitrogen content of 167 mg. per hundred cubic 
centimeters and a creatinine content of 10.2 mg. The serum calcium had fallen 
to 5.8 mg. per hundred cubic centimeters, and the phosphorus had risen to 7.6 
mg. The total protein of the serum measured 6.6 Gm., the serum chlorides 
557 mg. per hundred cubic centimeters, and the plasma carbon dioxide-combining 
power was 29 volumes per cent. 

The patient rapidly lapsed into coma despite parenteral administration of 
fluids. Muscular twitchings became extreme, and Chvostek’s and Trousseau’s 
signs appeared. He died with terminal hyperthermia, the temperature being 
41.6 C. (107 F.). 


Fig. 2.—Parathyroid adenoma with cyst 1 cm. in diameter. 


Necropsy.—The examination was performed two hours after death. Description 
of the gross and microscopic pathologic observations will be limited to the para- 
thyroid glands, the kidneys and the bones. Abnormalities in other organs were 
essentially those associated with long-standing hypertensive vascular disease. 

Parathyroid Glands: On the posterior aspect of the right lower pole of the 
thyroid gland was a small nodular parathyroid containing a cyst 1 cm. in diameter 
(fig. 2). The wall of the cyst was 1 mm. thick, was pitted on its inner surface 
and contained a small amount of brown pigment. Three other small brown glands, 
apparentiy parathyroids, were found in the customary position. 

Histologic examination of the parathyroid gland containing the cyst showed 
two adenomatous areas of parathyroid tissue separated by connective tissue. These 
areas were composed mainly of chief cells. Many of the cells were giant forms 
with large hyperchromatic nuclei (fig. 3). Numerous small cystic areas were 
present, containing desquamated epithelial cells and pink-staining amorphous 
material. Many small areas of fibrosis were present, and much hemosiderin was 
to be seen. On one side of the adenoma was a rim of hyperplastic, nonadeno- 
matous parathyroid tissue. This was composed of enlarged, closely packed chief cells 
with round nuclei and clear cytoplasm (fig. 4). Fat cells and cells arranged 
in cords were almost entirely absent. Sections of the remaining parathyroids 
resembled in every detail the nonadenomatous tissue just described. 
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Kidneys: The left kidney weighed 100 Gm. and the right 120 Gm. They 
were small and firm. The capsule stripped relatively easily and revealed a nodular 
surface dotted by numerous small cysts, 2 to 10 mm. in diameter, filled with 
clear brown fluid. The remainder of the surface was made up of numerous 
firm, raised, rounded gray areas, 1 to 3 mm. in diameter, between which small 
strips of pink renal tissue were visible. The cut surface was pale, mottled gray and 
pink. The cortex and medulla could not be definitely distinguished. Their combined 
thickness measured only 7 to 8 mm. A few small red dots could be identified as 
glomeruli, but the cortical and medullary striations were almost completely 
obliterated by gray tissue. Scattered through the inner two thirds of the parenchyma 


Fig. 3—Photomicrograph of parathyroid adenoma. Note the large hyper- 
chromatic nuclei scattered among chief cells. Blood vessels are numerous. 210. 


were numerous tiny orange streaks and dots which felt gritty on palpation. The 
pyramids appeared flattened and deformed. Small renal arterioles stood patent 
above the cut surface. Peripelvic fat was considerably increased. The pelvis of the 
left kidney appeared slightly enlarged and was lined by smooth, gray mucosa. The 
left ureter was of usual caliber, and its mucosal surface was intact. There was a 
localized area of dilatation of the right ureter, measuring 2 to 3 cm. in length, 
just at the pelvic brim. No cause for this was apparent. No calculi were found 
on either side. An unusual formation in the left renal artery was a dissecting 
aneurysm of the wall extending for a distance of 2 cm. just proximal to the 
kidney. 
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Microscopic examination of the kidneys revealed that most of the glomeruli 
were hyalinized or had extremely thickened Bowman's capsules. The few remain- 
ing glomeruli showed enlarged capillary tufts. Many of the tubules were dilated 
and contained pink-staining amorphous material, giving in some areas an appear- 
ance not unlike that of the thyroid gland. There were numerous calcified areas 
scattered throughout the sections, chiefly in and around the tubules. The inter- 
stitial tissue was appreciably increased and was infiltrated with round cells 
in numerous areas. The arterioles showed great thickening of the intima. Several 
large cysts lined by low cuboidal epithelium were present. 

Bones: The bone structures did not appear grossly abnormal. The vertebral 
and costal marrow was red and cellular ; the femoral marrow, fatty. Microscopically 
there was little evidence of resorption or regeneration of bone. Along the bony 


Fig. 4.—Photomicrograph of a hyperplastic nonadenomatous parathyroid gland. 
Note the compactness of cells, absence of fat cells and absence of distinct cords of 
cells. >< 210. 


spicules in some areas strands of loosely arranged connective tissue were seen, 
while in others the spicules appeared hollowed out and filled with fibrous tissue. 


COMMENT 


An unusual clinical feature of this case was, on the one hand, the 
roentgenogram of the abdomen showing finely mottled areas of density 
over the regions of both kidneys, which were suggestive of hyperpara- 
thyroidism. In view of the past history of renal colic and the sterile 
cultures of the urine, this renal calcinosis could not be satisfactorily 
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explained on any basis other than hyperparathyroidism. On the other 
hand, the decreased calcium and the elevated inorganic phosphorus of 
the serum and the low calcium excretion in the urine were not con- 
sistent with this diagnosis and at first appeared to exclude it. However, 
it was suggested that the atypical chemical abnormalities could be 
explained by the effect of prolonged renal insufficiency acting as a 
complication of primary hyperparathyroidism. 

After the autopsy, the evolution of the patient’s disease could be 
reconstructed with more certainty. The presence of a definite parathy- 
roid adenoma left no doubt that the patient did have hyperparathy- 
roidism. That this was the sole cause of the renal disease cannot be 
stated positively, but it seems likely that it was. Long-continued renal 
insufficiency gradually resulted in the retention of phosphates, and this 
in turn led to hypocalcemia in spite of the presumably increased amount 
of parathyroid hormone in the blood due to the tumor. Thus the para- 
doxic situation arose in which hyperparathyroidism was indirectly the 
cause of hypocalcemia, and even tetany, in the terminal stage. 

Nevertheless, it was also apparent from the observations made at 
autopsy that the parathyroid glands as a whole were attempting to combat 
this tendency toward tetany and the increasing retention of phosphates. 
The parathyroid hyperplasia in the nonadenomatous glands was exactly 
similar to that seen in man in chronic renal insufficiency *® and to that 
produced in the experimental animal by repeated injections of phos- 
phates.‘ Hence, if the parathyroid tumor had been removed when the 
patient first came to us, the remaining glands would have had the whole 
burden of trying to regulate the calcium and phosphorus content of the 
serum, and the patient would undoubtedly have died much sooner. 


SUMMARY 


A case with the following outstanding features is reported: (1) 
hyperparathyroidism due to a parathyroid adenoma; (2) diffuse renal 
calcinosis and renal insufficiency; (3) values for serum calcium and 
inorganic phosphorus of 5.8 and 7.6 mg., respectively, per hundred 
cubic centimeters shortly before death, and (4) secondary hyperplasia of 
the three nonadenomatous parathyroid glands. 


Dr. Fuller Albright made valuable suggestions in the preparation of this paper, 
and Dr. Benjamin Castleman studied the histologic sections of the parathyroid 
glands. 
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DIASTATIC ACTIVITY OF HUMAN BLOOD 
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The presence of diastase * in human blood was first noted in 1846 * 
and subsequently the enzyme was found to be a normal constituent of 
mammalian blood in general. In 1863 the enzyme was shown to be 
present also in urine, and its origin was traced to the blood. Eventually 
diastase was detected in lymph,* in pericardial fluid *® and in feces.° 
Hepatic bile is almost completely devoid of diastase,* but the enzyme 
can be detected in the bile when the diastase content of blood is greatly 
increased by ligation of the pancreatic ducts.’ Bile from the common 
bile duct and the gallbladder may contain appreciable amounts of diastase 
as the result of pancreatic reflux.* Assertions that measurable amounts 
of diastase are present in the cerebrospinal fluid,’ the liver and the kid- 
neys *® are open to doubt. In this laboratory it was not possible to 
detect diastase in the cerebrospinal fluid of normal persons. Again, 
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while Kuttner and I* have found substantial amounts of diastase in 
human milk, reports on the presence of diastase in cow’s milk ** could 
not be confirmed. Accumulating experimental data also indicate that 
hepatic cells contain no diastase; the amount of enzyme that can be 
extracted from liver is so small that it is probably all derived from the 
intercellular fluid. 

Reports concerning the character of blood diastase (as reflected in 
the chemical nature of the reducing sugars it produces from starch), 
its origin or source, its possible functions and its changes in pathologic 
conditions are replete with contradictions. On the basis of careful 
scrutiny of the experimental technic employed by various investigators, 
and in the light of studies which my collaborators and I have made, I 
feel that the mass of conflicting results is mainly due to deficient analytic 
and experimental procedures. The quantitative assay of any enzyme 
presents difficulties not usually encountered in ordinary chemical anal- 
yses. Diastase offers more complexities than most other enzymes, a 
fact which is not surprising if one realizes that even the identification 
of the products from the diastatic reaction has remained uncertain to 
date, despite the extensive work of a large number of investigators who 
devoted much of their efforts to the subject. Little wonder it is, then, 
that clinical investigators were unaware of the difficulties that are inher- 
ent in the quantitative estimation of diastase. A systematic and critical 
survey of the problem should be helpful in providing a background for 
a more judicious clinical application of studies on diastase. 


NATURE OF BLOOD DIASTASE 


It has been asserted that blood diastase differs from salivary and 
pancreatic diastase.’* This opinion was based on observations that the 
reducing substances produced from starch differed according to the 
source of the enzyme. Experiments in this laboratory have definitely 
demonstrated that the split products of starch are identical, whether 
the diastase employed is derived from the blood, from the salivary glands 
or from the pancreas. These split products are mixtures of three kinds 
of reducing substances, namely, maltose, dextrose and nonfermentable 
reducing matter, the last representing a series of dextrins. My 
studies ** dealing with the kinetic aspects of diastatic reactions disclosed 
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the fact that, depending on such experimental conditions as the duration 
of the reaction and the relative concentrations of the enzyme and the 
substrate, the same enzyme preparation may produce in one instance 
only nonfermentable reducing matter (dextrins), in another dextrins 
and maltose and in still another a combination of these substances with 
dextrose. These facts eluded observation by previous workers mainly 
because analytic methods for the quantitative estimation of each of the 
saccharides in mixtures of them ** were not available. 


SOURCES OF BLOOD DIASTASE 


Since the salivary and pancreatic glands produce large quantities of 
diastase, earlier investigators assumed a priori that these organs were 
sources of blood diastase. 

Salivary Glands—A review of the literature indicates that normally 
blood diastase does not originate either directly or indirectly in the sali- 
vary glands. Extirpation of the salivary glands of various animals 
resulted in no appreciable diminution of the diastatic activity of the 
blood.*® But it would hardly be sound to conclude from this that the 
salivary glands can be excluded with certainty as a source of diastase, 
since the anatomic exigencies seem to preclude a complete extirpation 
of these glands. There are some animals, however, in which the salivary 
glands produce no diastase, but in which there is, nevertheless, a high 
diastatic activity of the blood.‘* Such an animal is the dog, whose blood 
contains from ten to twenty times as much diastase as does human blood. 

In certain pathologic changes of the salivary duct system, however, 
increases in blood diastase have been demonstrated. Ligation of the 
parotid ducts has been shown to increase the diastase content of blood.** 
In acute inflammatory occlusion or suppurative lesions of the salivary 
duct system there is usually an increased level of diastatic activity.’® This 
is probably due to diffusion of the enzyme into the blood stream after 
the cell membranes of the acinic tissue have been damaged. 
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Pancreas.—An enormous amount of experimental work has been per- 
formed to determine the part the pancreas plays as a source of blood 
diastase. While the results have not been uniform, and in many cases 
have been quite contradictory, they permit the unqualified conclusion 
that under normal conditions the pancreas is not a source of blood 
diastase. Complete extirpation of the pancreas, although not an easy 
procedure, is anatomically feasible in some experimental animals. The 
majority of investigators *° reported a fall in the level of blood diastase 
soon after pancreatectomy, but this fall was always temporary. The 
maximum fall occurred about the third postoperative day and was fol- 
lowed by an approximate,”* or even complete,”* reversion to the normal 
level. A few investigators found no changes at all; others observed 
slight elevations of the blood diastase.** It is significant that not a 
single investigator has reported the disappearance or even an appreciable 
diminution of blond diastase following pancreatectomy. 
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Some workers were inclined to interpret the temporary drop after 
pancreatectomy as a proof that the pancreas is at least a partial con- 
tributor to the blood diastase. But if this were true, one would expect 
a continuous drop in the diastase level rather than a restoration to the 
preoperative level. Gradual compensation by the salivary glands is out 
of the question in the case of the dog, the animal generally used in these 
experiments. The suggestion that blood diastase may be supplied after 
pancreatectomy from reserve pancreatic diastase stored in the tissues ** 
has no foundation in either experimental evidence or logical reasoning. 
If storage of pancreatic enzymes in tissues were to occur, trypsin and 
lipase would also be accumulated, with calamitous effects on body tissues. 

The transient drop following pancreatectomy need not be attributed 
to the absence of the gland, since other operative procedures of even 
less magnitude exert a similar effect on blood diastase.** A significant 
fact to which I wish to direct attention is that ketosis almost inevitably 
sets in during the first few days after operation and persists until the 
diabetic condition of the animals is adequately controlled. Ketosis in 
human beings invariably entails a substantial lowering of the blood 
diastase ** and a similar effect is the most plausible cause of the transient 
drop in depancreatized dogs. After the first few postoperative days, 
when ketosis is checked by diet and insulin, the blood diastase is restored 
to the preoperative level, provided that no complications follow the opera- 
tion. It is likely that in those experiments in which restoration to the 
preoperative level did not occur,”* the diabetes was not adequately con- 
trolled, and persistent ketosis was responsible for the continued depres- 
sion of the diastase level. In those cases, on the other hand, in which 
the diastase content of the blood showed not even a transitory drop, it 
is likely that the diabetes caused by the operation was skilfully controlled 
from the outset. 

While the evidence is quite conclusive that the pancreatic diastase 
under normal physiologic conditions bears no relation to the blood dia- 
stase, there is no doubt that acute diseases of the pancreas, whether 
induced experimentally or observed clinically, do cause an increase in 
the diastase content of the blood. Traumas induced experimentally by 
various means have resulted in great increases of diastatic activity, the 
extent of the rise usually being proportional to the degree of injury.?’ 
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Lesions of the pancreas similar to those found in acute pancreatitis have 
been produced experimentally by injection of bile, bile salts, bacteria! 
suspensions and irritative chemicals into the pancreatic ducts ;** deter- 
minations of diastase made during such experiments have always given 
elevated values. The results obtained by ligation of the pancreatic ducts 
are fairly uniform in that nearly all workers *° reported a rapid rise in 
the diastatic level within twenty-four hours, a maximum being reached 
in about three days, after which a gradual drop and return to the normal 
level were observed. 

The changes in blood diastase that are associated with these pan- 
creatic lesions can be readily understood. Trauma of the pancreas dis- 
rupts mechanically the acinic membranes and allows diffusion of diastase 
(as well as of lipase and trypsin) into the interstitial fluid, whence it is 
absorbed into the blood.?" The rise that follows ligation of the pancreatic 
ducts is due to backing-up and absorption of enzymes into the blood, 
while the subsequent fall is due to the cessation of functions of the 
secreting cells, atrophy following in the wake of injury.*° In spite of the 
atrophy the blood diastase is maintained indefinitely at the normal level, 
a fact which reenforces the view that the pancreas cannot be the source 
of normal blood diastase. 

Still another mechanism for the ingress of pancreatic diastase into the 
blood has been suggested.** The subcutaneous injection of acetyl-B- 
methylcholine hydrochloride in dogs causes a sharp rise in the blood dia- 
stase. After pancreatectomy this rise does not occur. Since acetyl-B- 
methylcholine supposedly produces spastic closure of the pancreatic duct 
by its action on the parasympathetic nervous system, it is assumed that 
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some such nerve mechanism may play a part in the production of acute 
pancreatic lesions and in the precipitation of the clinical condition denoted 
as transient acute pancreatitis. 

Intestinal Resorption of Salivary and Pancreatic Diastase—The sug- 
gestion that the secreted pancreatic diastase is resorbed from the intes- 
tinal tract into the blood stream ** is hardly acceptable in view of the size 
and the protein nature of the enzyme molecule. As a matter of fact, direct 
experimental evidence invalidates this hypothesis. When large amounts 
of diastase were introduced into the intestine of experimental animals, 
the diastase content of the blood showed no rise,’ and, conversely, no 
drop resulted from experimental pancreatic fistulas in dogs ** and acci- 
dental pancreatic fistulas in man. ** 

Liver.—The liver has been considered another possible source of 
blood diastase.** It has been assumed that the liver contains large quan- 
tities of the enzyme, required for the saccharification of glycogen when 
it becomes necessary to supply dextrose to the blood.*® All available 
experimental evidence is contrary to this assumption. In the first place, 
I have never been able, by any method, to extract diastase from the liver 
in quantities greater than would correspond to the enzyme content of the 
extracellular fluid present in the tissues. In other words, the diastase 
obtainable from a gram of liver is only a fraction of the diastase con- 
tained in a gram of plasma. Second, analysis of the carbohydrates 
present in hepatic tissues shows only the presence of glycogen and dex- 
trose and never a trace of maltose or nonfermentable reducing substances, 
although both the latter are invariably present among the split products 
formed by diastasis of starch and glycogen.*’ On the basis of these 
observations, I have reason to assume that hepatic cells contain no dia- 
stase at all. This is strongly supported by recent experiments demon- 
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strating that glycogenolysis in the liver is effected by an enzyme system 
that has nothing in common with diastase. Cori and associates have 
shown that in the process of hepatic glycogenolysis, glycogen is split 
directly to hexose phosphate, which then is dephosphorylated by a 
phosphatase to the state of free dextrose,** diastase having no part 
whatever in the process. In the face of these observations, the reports 
concerning the role of blood diastase in glycogenolysis are without 
foundation. Similarly, experiments have failed to demonstrate any 
relation between the diastase and the sugar content of the blood.** 


Other Sources——No evidence has been brought forward designating 
any other organ as the site of diastase formation. Skeletal muscle might 
be considered as a possible source, but thus far has not been adequately 
studied. In my analysis of muscle tissues I failed to detect the character- 
istic split products that are formed by diastase,** but this negative obser- 
vation in itself cannot serve as the basis for any definite conclusion. 


FUNCTION OF BLOOD DIASTASE 


It is a generally accepted view that diastase in the blood is a waste 
product on its way to excretion in the urine. This seems scarcely accept- 
able in the light of the fact that while dog’s blood contains ten to thirty 
times as much diastase as normal human blood, the enzyme appears in 
the dog’s urine only when it reaches the highest levels in the blood. 

Another pertinent fact is that human milk (but not cow’s milk!) con- 
tains fifty times as much diastase as does blood, yet this amount of enzyme 
has no physiologic function that one can think of. One would hesitate, 
however, to regard milk, on this basis, as a vehicle for waste material. 

In view of these two facts, I feel that at present the role of diastase 
in blood is as obscure as is its origin. 


METHODS FOR ESTIMATION OF DIASTASE 


Since the reliability of the analytic methods is of pivotal importance 
in any experimental investigation, it is in order to scrutinize briefly 
the methods employed for the quantitative estimation of blood diastase. 
These are mainly of three types. 
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One group of methods is based on the measurement of the starch- 
splitting (amyloclastic) action of diastase, the action by which starch 
is depolymerized until it no longer gives a blue color with iodine. A 
method of this type, most widely used both in Europe and in America, 
is that of Wohlgemuth.*® Careful analysis of Wohlgemuth’s publica- 
tions and my own considerable experience with the method indicate 
that it does not permit measurement of relatively small changes and it 
does not make possible accurate determinations of values appreciably 
below the normal. A basic shortcoming of this technic is the lack of 
adequate standardization. This is the likely explanation of the fact 
that the method was modified in one way or another by almost all 
investigators who used it, most of the modifications resulting in cor- 
ruption rather than improvement of the original procedure. At the 
same time, I find that the results obtained with the method by Wohlge- 
muth himself are, on the whole, fairly accurate and reliable. Apparently, 
he failed to describe some details of the technic which he, perhaps auto- 
matically, followed. The inability of other workers to use the method 
correctly, however, led to the most confusing array of results, such 
as the finding of diastase in cow’s milk and in the spinal fluid of healthy 
human beings, neither of which substances normally contains any of 
the enzyme. In this laboratory the method of Wohlgemuth, with cer- 
tain precautions and standardizations, yielded results which, within 
certain limits, were comparable with those obtained by methods 
developed here.** With these precautions, however, Wohlgemuth’s 
method became too tedious and time consuming. 

A second group of methods is based on the measurement of changes 
in the viscosity of starch paste under the action of diastase.**? The 
inadequacy of such methods has been discussed in another paper.** 

The third group of methods is based on the measurement of reducing 
sugars formed by diastatic hydrolysis. In these methods, as exempli- 
fied by the method of Myers and Killian,* the standard conditions 
were arbitrarily picked with complete disregard to the kinetic aspects 
of the reaction. This, of necessity, again led to endless confusion, as 
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illustrated by reports which indicated a yield of reducing sugars, com- 
puted as maltose, greater than could possibly be obtained if all of the 
available starch had been split into maltose. These reports were made 
in the face of the well known fact that only a maximum of about 85 per 
cent of the available starch can be converted by diastatic action into 
“maltose.” 

It has been asserted that the measurement of either the starch- 
splitting (amyloclastic) or the sugar-producing (saccharogenic) activ- 
ity furnishes an inaccurate index of the enzyme action, because only 
one phase of the reaction is considered in either procedure.*® Thus, it 
was held that there was no real direct parallelism between these two 
activities. Extensive studies in this laboratory and those in others * 
on the two phases of the reaction indicated that there are conditions 
under which the amyloclastic and the saccharogenic phase show complete 
parallelism. 

The two methods in use in this laboratory belong to the first and 
third groups of methods.** They are based on an extensive study of 
the kinetic principles of the reaction of diastase with starch. To expicss 
the diastatic activity of a given medium, the amount of reducing sugars 
it produces from starch under precisely standardized conditions is 
stated. Thus, in the instance of blood serum (or plasma) a diastatic 
activity of, for example, 120 means that under the prescribed standard 
conditions 100 cc. of the serum produces, from starch, cleavage products 
which have the same copper-reducing power as 120 mg. of dextrose. 

This, I feel, is for the present the simplest and most logical quanti- 
tative expression of diastatic activity. The great variety of enzyme 
“units” used in other methods are of such arbitary construction that it 
is impossible to bring to a common denominator, to correlate and mutu- 
ally to check results obtained by different methods. 

In my rapid method, which is based on the amyloclastic activity of 
the enzyme, it is the reaction time that is the object of quantitative 
measurement and not the reducing power of the reaction products. But 
the results obtained by this procedure are readily computable in terms 
of reducing power and are identical with the results obtained with my 
other method, in which the reducing power is the quantity actually 
determined. Either of the two procedures permits for the first time the 
accurate estimation of low values of diastatic activity, while estimated 
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values are equally accurate in the high ranges. Simplicity and rapidity 
of execution make the procedures, especially the one based on amylo- 
clastic activity, readily available for clinical use. 


DIASTATIC ACTIVITY OF NORMAL HUMAN BLOOD 


The variations in the diastatic activity of the blood of different per- 
sons are considerable, amounting to as much as 200 per cent.*’ This 
fact makes it somewhat difficult to draw a sharp line of demarcation 
between normal and pathologic values, especially in the subnormal 
ranges. But if the normal level for a given person is known, even 
moderate changes are significant, for the diastase content of the blood 
in any healthy person is maintained at a fairly constant level.** 

In order to determine the normal range of variations, I performed 
estimations of the diastatic activity of the blood plasma on a group of 
170 young and middle-aged adults, chiefly interns, nurses and members 
of the visiting staff, all persons without any known or suspected dis- 
ease. The results are shown in figure 1. It can be seen that 80.5 per 
cent of these values are found to be within the limits of 80 and 150, 
the remaining 19.5 per cent falling partly in the low range, between 
60 and 80, and partly in the high range, between 150 and 180. Basing 
the decision on these results and on a large number of clinical obser- 
vations, I have adopted 80 to 150 as the range of normal diastatic 
activity of human blood plasma. Diastatic activities between 60 and 80 
and between 150 and 180 are considered as borderline values. 

A second, larger group of “normal” persons included 1,209 hospital 
patients who suffered from no condition which, so far as I was aware, 
was likely to alter the diastase level. All patients with any possible 
involvement of the biliary tract, pancreas, kidneys, heart or thyroid 
were excluded because of the possible effect of the disease on the diastase. 
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For the same reason, patients with acute and chronic localized and gen- 
eralized infections, toxemias or drug effects were also excluded. The 
data from the group of “normal” hospital patients thus selected furnished 
valuable complement to the data obtained from the group of “healthy 
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Fig. 1—Range of distribution of blood diastase values of healthy persons. 


normal” persons. The levels for the former group, as may be seen in 
figure 2, show a wider spread over the scale than those for the latter. 

Only 59.5 per cent of them come within the range of 80 to 150; 
another 17.7 per cent come between 60 and 80, and 6.5 per cent come 
between 150 and 180. There remain 12.6 per cent in the definitely sub- 
normal range, below 60 and 3.7 per cent in the high range, above 180. 
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The shift in the scale, as may be seen, shows in the main a tendency 
toward the lower range. Since subnormal diastase levels indicate some 
impairment of hepatic function,”* it appears to me that a certain number 
of the “normal” hospital patients may have had some minor degree of 
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Fig. 2.—Range of distribution of blood diastase values of “normal” hospital 
patients. 


hepatic impairment, without apparent hepatic disease. This assumption 
may also apply to a lesser extent to a few of the “healthy normal” 
subjects. That the number of suspected cases should be higher among 
“normal” hospital patients than among healthy normal persons is a cir- 
cumstance to be expected. 
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Effect of Age and Sex.—Detailed analysis of both the normal groups 
disclosed the fact that age is virtually without influence on the diastase 
values in adults. In newborn infants, however, complete absence of 
diastase has been noted.*® The enzyme usually first appears at the age 
of 2 months; it can be measured quantitatively at 3 months and reaches 
a relatively normal level in about a year. 

Differences in diastase values due to sex were entirely negligible. 

Effect of Food.—Since the ingestion of food is followed by an 
increased secretion of both salivary and pancreatic diastase into the 
alimentary tract, the effect of food on the blood diastase was subjected 
to considerable study. Practically all investigators have agreed that 
neither the amount nor the type of food in any way alters the diastase 
level.*° Prolonged periods of fasting ** and of dehydration ** likewise 
were found to be without effect. Diuresis, whether caused by excess 
intake of water ** or by section of the renal nerves,” exerts no influence 
on the diastase level in animals. 

My own observations on human subjects have confirmed those of 
other workers as regards the lack of effect of food, fasting, diuresis, 
dehydration, exercise and sleep on the diastase content of blood. 


ABNORMAL BLOOD DIASTASE LEVELS 


While I consider normal values to be those between 80 and 150, 
changes in the level in the same person even within this range may be 
significant. For example, a diastase value of 90 is well within the normal 
range, but if a person has been known to have a usual blood diastase 
level of 140 and subsequently shows a level of 90, then the latter is 
subnormal in this particular instance. Too much significance should 
not be attached to a single value that falls in the borderline ranges, 
and the line between normal and abnormal should not be drawn too 
rigidly. One can only say that a single value on either side of the 
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d. Fortschr. d. Thier-Chem. 3:159, 1894. 

50. (a) Corbett, D.: The Quantitative Estimation of Amylolytic Ferments in 
the Urine as a Measure of Certain Pathological Conditions, Quart. J. Med. 6:351, 
1913. (b) Cohen, I.: The Concentration of Diastase in the Urine Throughout the 
Day, Biochem. J. 20:253, 1926. (c) Cope, O.; Hagstrémer, A., and Blatt, H.: 
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(f) Milne and Peters.28® (g) Karsner, Koeckert and Wohl.23> (h) Lewis and 
Mason.24 (i) Cohen.22 Elman and McCaughan.338 (k) Zoepffel.2% (/) Har- 
rison and Lawrence.°> (m) Stocks.47> 

51. Milne and Peters.28® Elman and McCaughan.2%* Cope, Hagstrémer and 
Blatt.5°¢, 

52, King.17 Reid and Narayana.?84 


SOMOGYI—DIASTATIC ACTIVITY OF BLOOD 679 


normal range should prompt closer studies and observations on the 
patient. Repetition of determinations of diastase in suspected cases is 
always desirable as a means for the detection of abnormalities. The 
determination of diastase attains real clinical significance in the large 
number of instances in which the values are obviously abnormal, namely, 
when they fall below 60 or rise above 200. 


CONCLUSIONS 


Blood diastase is identical in nature with salivary and pancreatic 
diastase. This statement is based on the analysis by newer methods of 
the cleavage products of starch and glycogen produced by diastase 
derived from these several sources. 

The origin of the diastase contained in normal blood is at present 
unknown. Conclusive experimental evidence shows that under normal 
physiologic conditions neither the pancreas nor the salivary glands con- 
tribute to the diastase content of the blood. My own observations indi- 
cate that the liver does not supply diastase to the blood. 

Certain acute pathologic changes of the pancreas and salivary glands 
may result in a temporary effusion of diastase from these glands into 
the blood stream, causing an increased diastase content of the blood. 

About 80 per cent of healthy ambulatory adults have blood diastase 
levels between 80 and 150; the remainder have levels falling either in 
the low range, between 60 and 80, or in the high range, between 150 
and 180. Blood diastase values below 60 and above 200 are considered 
abnormal. 

The diastase content of the blood of one person is maintained under 
normal conditions at a fairly constant level and is unaffected by the usual 
physiologic functions. 
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During the past year few basically new contributions have been made 
to the literature in this field, although there has been considerable 
elaboration in detail of lines of investigation previously established. 
Progress may be reported in the study of the formation of the pressor 
substance of the kidney and the conditions governing its action. Anti- 
pressor substances are described and their therapeutic possibilities con- 
sidered. The possibilities and limitations of surgical intervention in 
various ways in the treatment of hypertension may be more accurately 
evaluated. Improvements in the management and chemotherapy of 
infections of the kidneys and the urinary passages offer hope of pre- 
venting many of the disastrous cardiovascular and renal sequelae of 
such infections, both in pregnant and in nonpregnant women. Con- 
siderable progress continues to be made in the investigation of normal 
renal function and the extension of this study into the field of pathologic 
physiology, thus laying the groundwork for future prophylaxis and 
therapy. Relatively little that is new marks the study of experimental 
nephritis or the clinical study of glomerulonephritis, aside from indica- 
tions of the immunologic mechanisms involved in the former and the 
demonstration of qualitative as well as quantitative alterations in the 
plasma proteins in the nephrotic stages of the latter. 


GLOMERULONEPHRITIS 


In studying the experimental nephritis which is produced in rabbits 
by injection of nephrotoxic duck serum, Kay ' finds that the nephritis is 
not caused by the union of anti-rabbit-kidney antibodies of nephrotoxic 


‘duck serum with the antigen of rabbit kidney. This union occurs quickly 


after the injection ; yet a delay occurs in the appearance of the nephritis. 


From the Department of Medicine, University of Rochester School of Medicine 
and Dentistry, and the Medical Clinic of the Strong Memorial and Rochester 
Municipal Hospitals. 

1. Kay, C. F.: The Mechanism by Which Experimental Nephritis Is Pro- 
duced in Rabbits Injected with Nephrotoxic Duck Serum, J. Exper. Med. 72:559 
(Nov.) 1940. 
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During this latent period, Kay finds, antibodies to duck serum proteins 
are being formed in the rabbit. As these are being formed they react 
with duck serum proteins in the rabbit and cause the latter to disappear. 
When the antibodies to duck proteins of the rabbit react with the anti- 
rabbit-kidney bodies bound in the kidney, nephritis results. Kay 
observed that if the rabbits are exposed to roentgen radiation no anti- 
bodies to duck serum are formed and no nephritis results. He cites 
some experiments of Sarre, who clamped one renal vessel for fifteen 
minutes after injection of nephrotoxic duck serum and then released it. 
During this brief period the antikidney substance in the duck serum was 
bound in the other kidney only. After an interval unilateral nephritis 
resulted. Kay also found that the experimental nephritis develops more 
quickly after injection of the nephrotoxic duck serum in rabbits which 
have previously received injections of normal duck serum. This proba- 
bly explains the shorter latent period of exacerbations of chronic 
glomerulonephritis as compared with the relatively long latent period 
of the initial attack, a phenomenon which has been described by many 
clinical observers. 

Special attention has been given to exacerbations in a recent study 
by Seegal, Lyttle, Loeb, Jost and Davis.* Of 68 patients with chronic 
glomerulonephritis under observation for periods of one to eight years, 
13 experienced 28 exacerbations. These consisted of a sudden marked 
increase in hematuria with or without impairment of renal function. 
They occurred more frequently in young persons than in old. In all 13 
patients the exacerbations were found to follow infection with hemolytic 
streptococci of group A. In 5 instances additional exacerbations 
occurred, which were not proved to follow infections with such 
organisms. The whole series of 68 patients experienced 350 infections 
during the course of observation. Only 68 of these infections were due 
to hemolytic streptococci. Many of the latter infections were not fol- 
lowed by exacerbations. The latent period before exacerbation was one 
to four days. The chief effect observed was a transient decrease in 
renal function. 

Hayman and Martin *® have reviewed the data in 77 cases of acute 
nephritis, in 10 of which the patients died during the acute stage of the 
disease. Of the 67 patients who survived, 52 were followed for periods 
of six months to eight years. About two thirds of these recovered 
completely. 


2. Seegal, D.; Lyttle, J. D.; Loeb, E. N.; Jost, E. L., and Davis, G.: On the 
Exacerbation in Chronic Glomerulonephritis, J. Clin. Investigation 19:569 (July) 
1940, 

3. Hayman, J. M., Jr., and Martin, J. W., Jr.: Acute Nephritis: A Review 
of Seventy-Seven Cases, Am. J. M. Sc. 200:505 (Oct.) 1940. 
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The precipitating infection was demonstrated in 75 patients. In the 
majority of instances, about 75 per cent, the infection involved the upper 
respiratory tract, the throat, the sinuses and the ears. The acute onset 
occurred most frequently before the age of 30. Among older patients 
the onset tended to be more insidious, the symptoms less dramatic 
and the prognosis worse. 

The role of infections of the skin in the production of glomerulo- 
nephritis is discussed by Futcher,* who reviews the fairly extensive 
literature of so-called impetigo nephritis. Attention is called to the fact 
that there is evidence of a streptococcic as well as a staphylococcic infec- 
tion in impetigo. In 11 of 153 cases of glomerulonephritis observed at 
the Johns Hopkins Hospital the disease followed a cutaneous infection. 
It is significant, however, that beta hemolytic streptococci were repeat- 
edly found in cultures of material from the throat in 7 of the 11 cases. 
Healing of the nephritis occurred in all of Futcher’s cases but 1. In this 
instance the cutaneous infection persisted for two months after the onset 
of the nephritis, which progressed after healing of the cutaneous infection. 

The criteria for differential diagnosis of acute diffuse glomerulo- 
nephritis and “focal” nephritis are discussed by Payne and Illingworth.’ 
Many writers in the past have emphasized the presence or absence of 
edema, oliguria and hypertension as factors important in the differentia- 
tion of these conditions. Payne and Illingworth find these criteria 
useless in distinguishing the diseases at onset, in the light of subsequent 
developments. Their experience leads them to believe that “focal” 
nephritis as an entity is nonexistent. 

Illingworth ° also discusses the relation of tonsillectomy to nephritis 
of childhood, marshaling evidence against tonsillectomy, which he 
believes may predispose to nephritis or may actually precipitate an 
attack. In his experience it does not either cure the disease or prevent 
its going on into the chronic stage. 

Some relation of allergy to nephritis is suggested in a case reported 
by Daniels,’ that of a young woman with chronic urticaria and steator- 
rhea of one to two years’ duration. After an injection of liver extract 
for anemia progressive nephritis, characterized by nephrotic edema, 
persistent hypertension and azotemia and eclamptic seizures, developed. 


4. Futcher, P. H.: Glomerular Nephritis Following Infections of the Skin, 
Arch. Int. Med. 65:1192 (June) 1940. 

5. Payne, W. W., and Illingworth, KR. S.: Acute Nephritis in Childhood 
with Special Reference to Diagnosis of Focal Nephritis, Quart. J. Med. 9:37 (Jan.) 
1940. 

6. Illingworth, R. S.: Tonsillectomy and Nephritis of Childhood, Lancet 2: 
1013 (Nov. 11) 1939. 

7. Daniels, A. P.: Intolerance rénale par hyperergie, Acta med. Scandinav. 
104:225, 1940. 
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After demonstration by cutaneous reaction of sensitivity to a number 
of animal proteins, a vegetarian diet was prescribed, with the result that 
the skin became normal and the renal condition improved. Death fol- 
lowed an intercurrent infection of the respiratory tract. Necropsy was 
not performed. 

Cases of this type are seen occasionally by internists. While Daniels’ 
assumption is tempting, it must not be too readily accepted, since many 
aspects of a complete investigation of this case have not been considered. 

A consideration of the character of the renal lesions which are some- 
times found in cases of disseminated lupus erythematosus is pertinent at 
this point. Stickney and Keith * have studied the kidneys in 15 cases. 
In 8 no definite renal abnormality was noted. In 2 cases glomerulo- 
nephritis was found, but in each the renal lesions preceded the cutaneous 
disease. In the remaining cases the most definite lesions observed were 
some proliferation of the glomerular endothelium together with irregu- 
larity and thickening of the basement membrane. As a result of these 
studies, the authors find that a distinct renal lesion is not peculiar to 
lupus erythematosus. 

NEPHROTIC STATES 


Considerable attention is now being focused on the changes in the 
plasma proteins in nephrotic states. Melnick, Field and Parnall * believe 
that the albumin and globulin fractions, as determined by the usual 
salting-out procedure, probably represent two independent protein 
systems, within each of which dissociation or association phenomena 
may occur in vitro (formation of smaller or larger complexes in the 
dispersed phase), with variable effects on the osmotic pressure. By 
means of this concept they interpret the observations made by Yanagi *° 
in my laboratory. He found that the osmotic pressure reached a maxi- 
mum in six to seven hours, after which it decreased. 


Luetscher ** has studied the plasma and urinary proteins, using the 
Tiselius electrophoresis apparatus. He finds two components of normal 
albumin at a py of 4.0. In nephrotic states the ratio of these two com- 
ponents is altered both in the serum and in the urine, indicating that the 
albumin is changed in such states. 


8. Stickney, J. M., and Keith, N.: Renal Involvement in Disseminated Lupus 
Erythematosus, Arch. Int. Med. 66:643 (Sept.) 1940. 

9. Melnick, D.; Field, H., Jr., and Parnall, C. G., Jr.: Significance of the 
Albumin-Globulin Ratio of Serum, Arch. Int. Med. 66:295 (Aug.) 1940. 

10. Yanagi, K.: A Clinical and Experimental Study of the Stability of the 
Colloid Osmotic Pressure of Serum Protein, J. Clin. Investigation 14:853 (Nov.) 
1935, 

11. Luetscher, J. A., Jr.: Electrophoretic Analysis of Plasma and Urinary 
Proteins, J. Clin. Investigation 19:313 (March) 1940. 
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A similar conclusion is reached by Goettsch and Lyittle,’* who 
employed precipitin reactions in the study of the plasma proteins in 
cases of nephrosis. In 23 cases studied they found alterations in both 
the albumin and the globulin fraction. The altered globulin fraction 
formed antibodies in the rabbit which would not react with normal serum 
globulin. In 1 case the albumin fraction was so altered that it was 
incapable of exciting antibody formation in the rabbit. 

No relation could be discovered between these changes and the 
susceptibility to infection or the degree of proteinuria, cholesteremia or 
edema. In cases of acute nephritis the protein changes were minimal. 

The nephrotic lesions found in cases of fatal pyloric and high 
intestinal obstruction have been discussed by Martz ** and by Pérez- 
Castro.* Deposits of calcium and degenerative changes in the tubular 
cells are frequently found. Martz explains the phenomenon by the fact 
that, in spite of the alkalosis of the blood in these conditions, the kidney 
may continue to secrete an acid urine in an attempt to conserve fixed 
base, which is steadily diminishing in body fluids. Under these circum- 
stances the alkalinity of the parenchymal cells may become sufficient to 
permit precipitation of calcium within them. 

A timely warning against the indiscriminate use of hypertonic solu- 
tions of sucrose is issued by Anderson and Bethea.’® They noted a 
peculiar foamy swelling of the cells of the convoluted tubules in the 
course of routine autopsies. Investigation revealed that in these cases 
intravenous injections totaling 100 to 3,350 cc. of a 25 per cent solution 
of sucrose had been given. By the use of such concentrations renal 
lesions may be produced in animals. The authors consider that the 
administration of hypertonic solutions of sucrose is inadvisable in patients 
with renal damage and that large or repeated doses should be avoided. 

In the treatment of nephrotic edema Goudsmit and Binger ** still 
recommend the use of solutions of acacia, as they have noted none of 
the disastrous results previously recorded by others. They claim success 
in 90 per cent of cases in which treatment consisted of rest in bed, a 
salt-free high protein diet, restriction of fluids, oral administration of 


12. Goettsch, E., and Lyttle, J. D.: Precipitin Studies of Nephrosis and 
Nephritis, J. Clin. Investigation 19:9 (Jan.) 1940. 
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Semana méd. espafi. 3:1015 (Aug. 17) 1940; abstracted, J. A. M. A. 115:1410 
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15. Anderson, W. A. D., and Bethea, W. R.: Renal Lesions Following Admin- 
istration of Hypertonic Solutions of Sucrose: Report of Six Cases, J. A. M. A. 
114:1983 (May 18) 1940. 
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potassium nitrate (9 mg. daily) and intravenous injection of a 6 per 
cent solution of acacia in a 0.06 per cent solution of sodium chloride 
(500 ce. on successive or alternate days for not more than three or four 
doses). No untoward reactions were noted other than urticaria, for 
which epinephrine hydrochloride was given, and pain in the chest. 

In view of the increasing availability of serum or plasma dried by 
the lyophile process for use in concentrations several times that of normal 
plasma, it is probable that the introduction of a foreign colloid like 
acacia will no longer be necessary. Aldrich and Boyle ‘’ have employed 
such concentrated solutions of serum protein as a diuretic in patients 
with nephrosis, with excellent results. Diuresis ensued and in most 
instances continued until the edema was completely eliminated and in 
some instances the nephrosis cured. This treatment was not effective 
if hematuria or acute infection was present. The earlier patients were 
treated in this manner, the better was the result, so that it is regarded 
as the method of first choice and not as a last resort. Pooled human 
serum was used in a concentration four times normal. An initial dose 
of 25 to 65 cc. was given. If diuresis did not ensue in two or three 
days, further doses were given, to the maximum of four. In most 
instances only one or two injections were required. 


RENAL HYPERTENSION 


Experimental Studies—There is great investigative activity in the 
field of renal hypertension. The results obtained have led to somewhat 
divergent and conflicting conclusions among the various investigators, 
though agreement has been reached on certain points. Page’** has 
recently reviewed much of the literature on experimental hypertension, 
including the hypertension induced by injection of kaolin into the 
cerebrospinal space and by denervation of the carotid sinus, as well as 
the work on hypertension induced by the Goldblatt technic. This article 
will be helpful in the orientation of the confused reader. 

Page and Helmer have observed that renin is combined with a renin 
activator to form a substance which they call angiotonin. From the 
Physiological Institute in Buenos Aires there has been reported work 
of similar import. Mufioz, Braun-Menendez, Fasciolo and Leloir 
review their work on “hypertensin.” This substance is produced by 


17. Aldrich, C. A., and Boyle, H. H.: Concentrated Human Blood Serum as a 
Diuretic in Nephrosis, J. A. M. A. 114:1062 (March 23) 1940. 

18. Page, I. H.: Newer Aspects of Experimental Hypertension in Blood, 
Heart and Circulation: Symposium, Publication 13, American Association for the 
Advancement of Science, Washington, D. C., 1940. 

19. Mufioz, J. M.; Braun-Menendez, E.; Fasciolo, J. C., and Leloir, L. F.: The 
Mechanism of Renal Hypertension, Am. J. M. Sc. 200:608 (Nov.) 1940. 
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the action of renin (an enzyme) on blood globulin as substrate (hyper- 
tensin precursor). Hypertensin is found to have a direct vasoconstrictor 
action. Its chemical and pharmacologic properties have been studied. 
An enzyme has been found which destroys hypertensin. This is called 
hypertensinase. Methods have been described for the estimation of these 
substances. After the injection of renin into an animal the hypertensin 
precursor decreases or disappears from the blood. After nephrectomy 
the hypertensin precursor increases and hypertensinase decreases. 
Hypertensin is regarded as identical with the angiotonin of Page and 
Helmer. No tachyphylaxis-occurred after repeated injections of hyper- 
tensin, such as was previously described by Page and Corcoran for renin. 

Page and Helmer *’ find that angiotonin causes strong contractions 
of isolated segments of intestine. Page has utilized this as a method of 
ascertaining the renin-activating power of plasma. By this means he 
demonstrated angiotonin in the blood of both human and canine subjects 
with renal hypertension. From these observations he suggests that the 
blood of subjects with such disease possesses either an increased amount 
of renin activator or a diminished amount of angiotonin inhibitor or both. 

Page ** reports observations demonstrating the liberation of renin 
into the blood stream from kidneys of animals rendered hypertensive 
by means of perinephritis induced with cellophane. It is found in the 
blood of the renal vein of such animals, but disappears by the time it 
reaches the femoral artery. The amount of activator is increased by the 
time it reaches the femoral artery. Early in the course of severe hyper- 
tension large amounts of renin are liberated. Later the amounts of both 
activator and angiotonin may be reduced by the development of inhibi- 
tors, which were found by Page and his associates ** to be produced both 
in kidney and in muscle. 

From the foregoing account a close parallelism is seen between the 
observations of workers in this country and those in Argentina. The 
main facts established are that renin activates, or is activated by a sub- 
stance in normal blood, with the fromation of a pressor substance, 
against which inhibiting substances may be developed. The South 
American workers believe both renin and the inhibiting substances to 


be enzymes. 


20. Page, I. H., and Helmer, O. M.: A Crystalline Pressor Substance 
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Prinzmetal, Lewis and Leo ** claim to be the first to demonstrate 
a pressor substance derived from the ischemic kidney. They point out 
that renin had been prepared from the renal cortex, but that renin itself 
was not the actual pressor substance. When the circulation to the kidney 
is completely interrupted, a pressor substance accumulates (“ischemin” ). 
This substance is easily washed out when renal circulation is restablished 
or when artificial perfusion is performed. Further studies are reported ** 
in which the authors found that the normal kidney secretes little or no 
renin. Perfusates of blood-free ischemic kidneys were found to contain 
more renin than those of kidneys that were blood filled. Renin is not 
thermostable ; yet on incubation with plasma it yields a heat-stable pressor 
substance. 

The behavior of the renal blood flow after partial constriction of the 
renal artery has been studied by Schroeder and Steele,?> who employed 
thermostromuhrs to record the blood flow and Hamilton optical manom- 
eters to record the blood pressure. The clamp used to constrict the 
renal artery was arranged so as to be adjustable externally. The artery 
was progressively constricted. After each new constriction, a tendency 
was noted for the blood flow to return to the normal level, until a marked 
degree of constriction had been produced. This phenomenon is believed 
to be due to compensatory dilatation of the renal arterial tree beyond 
the constriction. These dilated vessels were found to be in a state of 
extraordinary sensitivity to epinephrine, since the administration of 
minute doses of this drug (0.05 microgram of epinephrine hydrochloride 
per kilogram of body weight) was found to cause complete cessation of 
renal blood flow for considerable periods. Arterial hypertension of a 
significant degree sometimes followed partial constriction of one renal 
artery during brief experiments in which epinephrine was given. These 
experiments contribute further evidence in support of the view that the 
control of the renal circulation is largely independent of the systemic 
circulation. Mason, Robinson and Blalock ** found that in experiments 
based on the Goldblatt technic there is no constant relation between the 
systemic arterial pressure and the pressure in the renal artery distal to 
the point of constriction. The hypertension induced may persist even 
though the renal arterial pressure returns to normal. 


23. Prinzmetal, M.; Lewis, H., and Leo, S. D.: Etiology of Hypertension 
Due to Complete Renal Ischemia, Proc. Soc. Exper. Biol. & Med. 43:696 (April) 
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Kohlstaedt and Page *" studied the mechanics of the renal circula- 
tion in regard to the liberation of renin in perfused kidneys. An elal)- 
orate scheme for pulsating artificial perfusion of isolated kidneys with 
defibrinated blood was devised. Under these conditions renal blood 
flow, urinary secretion and oxygen consumption of the kidney were 
maintained, but values for urea clearance were low. Reduction of the 
pulse pressure of the perfusion was accomplished by constriction of the 
renal artery without altering the mean pressure. When the kidneys 
were perfused at normal pulse pressures no increase in renin in the 
perfused venous blood was found after three hours. When the pulse 
pressure was reduced the venous blood was found at the end of one hour 
to have a markedly increased power of constricting the blood vessels of 
a rabbit’s ear. Perfusion of a dog’s hindleg under similar conditions did 
not cause such a change in the venous blood. 

Further experiments by Corcoran and Page ** confirm the previous 
observations of these investigators to the effect that renin causes a 
reduction in renal blood flow and an increase in the filtration fraction, 
attributed to constriction of the efferent glomerular arterioles. Steele 
and Schroeder,”® on the contrary, found that the injection of renin was 
usually followed by an increase in renal blood flow. They employed 
aqueous extracts of kidney from which depressor substances had been 
removed. Their observations suggest that the absence of depressor 
substances accounts for the divergence of results from those previously 
reported by Merrill, Williams and Harrison, though in my opinion this 
would not explain the divergence from the findings of Corcoran and 
Page. 

Landis, Jeffers and Shiels *° discuss the biologic assay of homologous 
heated renal extracts. With homologous extracts tachyphylaxis can be 
avoided if the tests are repeated at intrevals of more than twenty-four 
hours. With heterologous extracts anaphylactic phenomena may accom- 
pany the second injection. As to the activity of extracts, that from 
rabbit was most active, that from guinea pig next active and those from 
man and dog least active. As to the reactivity of species, the rat and 
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guinea pig were more reactive than dog and rabbit when equivalent 
doses were injected. 

Beckwith and Chanutin * found that saline extracts of the remnants 
of kidney after partial nephrectomy produced little or no pressor effects 
when tested on normal rats. This is in marked contrast to the consistent 
and striking pressor effects which were obtained with extracts of normal 
rat kidney. 

The presence of a vasoconstrictor substance in the blood of men and 
dogs with hypertension has been demonstrated by Page,** who found that 
it was not present in the blood of normal men and dogs. Small amounts 
of plasma to be tested were added to blood of dogs which had both 
kidneys removed, and this mixture was perfused through a rabbit's ear. 
’ The action of the pressor substance, angiotonin, is said to be greatly 
enhanced by this procedure, since the blood of nephrectomized dogs 
lacks inhibiting substances present in that of normal animals. 

Freeman ** reports that the blood of normal dogs contains anti- 
pressor substances, which are not found in the blood of dogs with 
hypertension. The antipressor substances exert no effect on dogs with 
normal blood pressure. 

Dock ** reports that when rabbits with renal hypertension are pithed 
the blood pressure falls as low as that in normal controls. He gives 
evidence in support of the view that the humoral agent responsible for 
renal hypertension sensitizes both the vasomotor center and the arterial 
response of epinephrine. Ogden, Brown and Page ** found that before 
the onset of hypertension and in the early stages of this condition 
animals gave abnormally great pressor responses to noise or fright 
and to injections of pitressin as compared with normal animals which 
had been subjected to the same operative procedure without constriction 
of the renal arteries. This heightened reactivity is believed to reside in 
the muscular coat of the arteries. 

Wakerlin and Gaines ** studied the effects of various agents on dogs 
with renal hypertension. Estrone, testosterone propionate, liver extract, 
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pancreatic extract, garlic and parsley, fresh hog kidney, adrenal cortical 
extract, extract of whole pituitary and solution of posterior pituitary 
were without effect. 

Katz and Steinitz *’ report that the pulmonary arterial pressure is 
not elevated in cases of the systemic hypertension induced by renal 
ischemia. 

The condition of the retinal arteries in experimental hypertension 
has been carefully studied by Laughlin, Thomas and Friedenwald.** The 
hypertension was induced by the Goldblatt technic. Retinal changes 
were recorded by drawings and photographs, after which the eye was 
enucleated and the retina sectioned for the purpose of correlating the 
ophthalmoscopic appearance with histologic changes. In vessels showing 
localized constrictions no correlation was found between the constric- 
tions and the microscopic appearance of the vessel wall. The constric- 
tions are believed to be due to spasm. Abnormalities of the wall of 
the vessels occurred in segments not constricted. The histologic changes 
closely resembled those found in cases of essential hypertension in man, 
in the vessels of the viscera and muscles as well as in those of the retina. 


COLLATERAL CIRCULATION 


Incidental note is made of the evidence that collateral circulation is 
established in kidneys with a high degree of constriction of the renal 
arteries or in those with thrombotic occlusion. The collateral vessels 
entered from the capsule and also from an artery running beside the 
ureter, forming an anastomosis with the renal artery at the hilus of 
the kidney.** Page ** also mentions development of collateral circulation. 
Stewart,** reporting a case of severe hypertension with marked narrowing 
of the orifices of the renal arteries, notes the importance of aberrant 
vessels. In this case the kidneys had some of the appearance of those 
in cases of pyelonephritis. He believes the arterial narrowing was 
responsible for the major change, since a part of a kidney supplied by 
an aberrant vessel was relatively well preserved. Experimentally efforts 
have been made by MacNider and Donnelly * to establish an adventitious 
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circulation in the kidney. Similarly, Weeks, Steiner, Mansfield and 
Victor ** were able to reduce the blood pressure of dogs with experi- 
mental renal hypertension by means of splenorenopexy, which provides 
collateral circulation between the splenic sinusoids and the capillaries 
about the renal tubules. The glomeruli were not usually involved in 
this collateral circulation. After removal of the fused spleen and kidney 
the blood pressure returned to the previous level of hypertension. 

A personal communication from Ask-Upmark, of Lund, Sweden, 
reports that his colleague, Bergendal, subsequently found hypertension 
in some patients in whom aberrant vessels had been ligated for relief 
of hydronephrosis. In one of my cases discussed later,** the ligation 
of an aberrant vessel interfered with the relief of hypertension by 
nephropexy in a patient with orthostatic hypertension who had previously 
shown a marked fall in pressure during recumbency. Thus from a 
variety of sources comes evidence of the importance of the contribution 
of aberrant vessels to the renal circulation. These vessels should not 
be ligated without good reason lest the resulting partial ischemia con- 
tribute to hypertension. 


CLINICAL HYPERTENSION 


In previous reviews the urologic aspects of “essential” hypertension 
were shown to have received a great deal of attention. The interest in 
this field continues to be actively manifested, though warnings have been 
issued against too great expectations engendered by unbalanced enthu- 
siasm for surgical relief of hypertension associated with urologic condi- 
tions. 

Success following nephrectomy continues to be reported in cases of 
certain unilateral renal conditions. Koons and Ruch ** describe tlie case 
of a child of 7 with a Wilms tumor in which nephrectomy relieved the 
hypertension. Since the tumor mass surrounded the kidney, it was 
suggested that it may have caused renal ischemia in much the same way 
as did the cellophane perinephritis induced by Page for the production 
of experimental hypertension. The tumor itself was not the source of 
pressor substances, since there were extensive metastases, which would 
have perpetuated the hypertension after nephrectomy if the tumor had 
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been the source. Patch, Rhea and Codnere ** report successful relief of 
hypertension in a girl of 12 following unilateral nephrectomy for chronic 
atrophic pyelonephritis involving the right kidney only. The left kidney 
was hypertrophied, but otherwise was entirely normal. Barker and 
Walters ** also report 5 cases in which relief was obtained after nephrec- 
tomy for unilateral atrophic pyelonephritis. In reviewing a series 
of cases encountered at the Mayo Clinic, the authors found that there was 
serious hypertension in slightly less than half of those cases in which 
pathologic diagnosis of chronic atrophic pyelonephritis had been made 
after nephrectomy. 

The possibility of hypertensive sequelae to trauma of one kidney is 
considered by Nesbit and Ratliff.“° They suggest that such patients 
with renal trauma be followed carefully for some time, with a view 
toward nephrectomy should hypertension develop. 

Three more cases of malignant hypertension associated with unilateral 
narrowing of the orifice of the renal artery have been described by Saphir 
and Ballinger.** In 2 of these arteriolosclerosis had developed in the 
other kidney. In 1 instance renal insufficiency was induced by heart 
failure and in another by pyelonephritis in the contralateral kidney. In 
the third case renal insufficiency did not occur, and in this case the 
arteriolonecrosis of malignant hypertension was not observed. 

Palmer, Chute, Crone and Castleman,** while recognizing the bene- 
ficial effects which frequently follow unilateral nephrectomy, point out 
that the urologic abnormality may be only incidental in the course 
of hypertension due to other causes. They feel that, in general, 
nephrectomy should rarely be advised if the patient is a woman over 
45 or a man over 50. They point out that congenital predisposition 
to hypertension is a factor which should not be overlooked and that they 
have observed many patients who have had pyelonephritis and obstruction 
for years without the development of hypertension. The difference 
between those in whom it does develop and those in whom it does not 
is in the presence or absence of a congenital predisposition. From the 
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authors’ point of view the decision to perform a nephrectomy must be 
based on the following assumption: that the lesion is not merely 
incidental, that there is no secondary vascular disease in the remaining 
kidney and that there is no recurring pyelitis of the other kidney. 

Schroeder and Fish *® have continued studies on patients with 
so-called essential hypertension who have been found on urologic study 
to have organic renal lesions. Of 7 patients who had had unilateral 
nephrectomy, only 2 were definitely improved. They point out that 
unless suitable cases are selected many kidneys may be removed need- 
lessly without benefit. In general, patients with long-standing hyper- 
tension of the malignant type are not suitable for this procedure. They 
do not favor operation in cases in which the hypertension is of more 
than two years’ standing. The renal lesion should be strictly confined 
to one kidney and may reduce its function, but the total renal function 
must not be reduced if good results are to be expected. Also they feel 
that retinal changes should be absent and arteriolar changes should not 
be of severe character. 

Crabtree and Chaset *° and Braasch, Walters and Hammer *' sound 
notes of warning against undue expectations for relief of hypertension 
by surgical treatment of urologic lesions. Crabtree and Chaset find that 
hypertension in cases of pyelonephritis is not the rule. In 152 instances 
in which nephrectomy was done hypertension was not a common finding, 
although vascular disease was present in the kidneys removed in a high 
percentage of cases. Braasch, Walters and Hammer found the incidence 
of hypertension among 1,684 patients with surgical conditions of the 
kidney to be no higher than that in a similar group of people taken at 
random. Unilateral atrophic pyelonephritis is the lesion most likely to 
be amenable to surgical relief, although only 20 of 43 patients with such 
a lesion were found to have hypertension. Among patients with 
urolithiasis, hypertension was present in only 20 per cent of those who 
showed infection of the urinary tract and in only 5.7 per cent of those 
in whom no infection was present. Cortical abscess and perinephritic 
inflammations were found not to be factors in the production of hyper- 
tension. Obstruction of the urinary tract was also found not to be a 
factor unless it was bilateral. 

“Orthostatic hypertension” is a term employed by McCann and 
Romansky *? to describe the condition of patients in whom marked 
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fluctuations in blood pressure may be brought about by change from 
the erect to the strictly recumbent posture. In making tests to discover 
such patients, preliminary records of the blood pressures are made while 
the person is ambulatory, after which he is put to bed and kept in strict 
recumbency for twenty-four to forty-eight hours; he is not permitted to 
sit up in bed to eat or to attend to excretory functions. If this procedure 
is followed by a well marked reduction in blood pressure, below the 
minimal levels previously observed, pyelograms are made with the patient 
in both the erect and the recumbent posture, and the observations on 
blood pressure are continued under ambulatory conditions. The authors 
studied several cases in which orthostatic hypertension was associated 
with nephroptosis, observing the diodrast and inulin clearances with the 
patient in the recumbent and in the erect posture. In these cases the 
diodrast clearance when the patient was in the erect posture was lower 
than when he was recumbent, from which it was concluded that the 
renal blood flow was less in the erect position. The inulin clearance, 
taken as a measure of the rate of glomerular filtration, was relatively 
constant, though the “filtration fraction” was increased when the patient 
was in the erect posture. From these observations it was inferred that 
nephroptosis, in some cases, resulted in partial renal ischemia when the 
patient was in the erect posture and then in orthostatic hypertension. 
It was recognized, however, that in many cases nephroptosis is unac- 
companied by hypertension. Attempts at correction of the ptosis both 
by means of belts and by nephropexy were somewhat disappointing as 
far as complete relief of hypertension was concerned. These procedures 
did accomplish a great deal in the way of preventing wide variations in 
blood pressure of the patients, and this stabilization appeared to be an 
important factor in the relief of both cardiac and cerebral symptoms 
which frequently accompanied the critical elevations in pressure to which 
these patients are subject. 

The questions concerning the value of certain neurosurgical opera- 
tions for the relief of hypertension have received considerable discussion. 
Peet, Woods and Braden,** who champion the resort to bilateral supra- 
diaphragmatic splanchnicectomy with lower dorsal sympathetic ganglion- 
ectomy, give the results of such treatment in 350 cases. They find that 
in slightly over half there were significant reductions in blood pressure ; 
disability was improved in 81 per cent of cases, the condition of the 
eyegrounds in 70 per cent, the electrocardiogram in 53 per cent, renal 
function in 52 per cent and the concentration of the urine in 45 per 
cent. Such favorable results were not obtained by Davis and Barker." 
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They found that bilateral splanchnic section alone failed to give relief 
to patients who had not previously obtained relief from therapy with 
thiocyanates, unless the doses of these substances were pushed to toxic 
levels. However, they did find that in some instances after splanchnic 
section the sensitiveness to the action of thiocyanates was increased. 
The authors believe that a majority of patients with hypertension respond 
favorably to the use of potassium thiocyanate with an appreciable decrease 
in both systolic and diastolic blood pressure. 

Hopes of promising new developments in the treatment of hyper- 
tension have been raised by recent reports that antipressor substances 
may be extracted from kidney tissue. Harrison, Grollman and 
Williams ** prepared extracts which when given orally or parenterally 
exerted no effect on normal rats, except to diminish their response to 
renin, ephedrine and pitressin. When this substance was given orally 
or parenterally to rats with hypertension the blood pressure declined. 
Williams, Grollman and Harrison ** found similar effects when it was 
given to dogs, but noted certain toxic effects, which may have been due 
to toxins or to nonspecific pressor substances characteristic of all tissue 
extracts. Ina later report Grollman, Williams and Harrison * described 
its effects on patients with hypertension, in whom it caused a decline 
in pressure in most instances. They describe its unique properties which 
distinguish it from depressor substances described by previous 
investigators. 


The chemical properties and the type of action are entirely different from those 
of histamine, choline and the adenosine group of compounds. There likewise appear 
to be distinct differences from the products obtained by others from kidney, and 
although our extract has certain properties resembling those of urohypotensin 
and depressan it differs from these in that oral doses which cause marked decline 
in the blood pressure of animals with renal hypertension have little or no effect 
on the blood pressure of normal animals. So far as we know, no other substance 
has been described which has the properties of long duration of action, effectiveness 
by mouth and lack of reduction of blood pressure of normal animals as compared to 
marked reduction of blood pressure in animals with renal hypertension. 


PREGNANCY AND RENAL DISEASE 


Toxemias.—The renal blood flow of women with toxemias of preg- 
nancy has been measured by means of the diodrast clearance by Chesley, 
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Connell, Chesley, Katz and Glissen.** In patients with eclampsia (post- 
partum determinations), preeclampsia and recurrent toxemias the 
diodrast clearance was approximately in the same range as that found 
in normal women.** These normal values are somewhat lower than 
those which have previously been reported from the laboratory of Homer 
Smith. In pregnant women with chronic nephritis Chesley found the 
diodrast clearance considerably reduced. 


Pyelonephritis of Pregnancy.—In a study of 45 cases Crabtree and 
Reid ** found that the majority of women who had suffered from 
pyelonephritis of pregnancy had appreciable damage to their kidneys, 
though the function was usually adequate. Only 6 of 45 had blood 
pressures above 150 systolic and 90 diastolic. The authors are inclined 
to believe that pyelonephritis is generally a progressive disease; in a 
considerable number of cases the damage remains stationary at the level 
of original injury. The prognosis is most grave for those women who 
have both pyelonephritis and toxemia. The data did not indicate the 
extent to which life was shortened. The authors feel that the aim of 
treatment should be to minimize the initial injury as soon as possible 
and to control the infection. 


Crabtree and Reid believe that there is now too great a tendency to 
terminate the pregnancy when pyelonephritis occurs, and they state that 
this policy is just as irrational as one which preserves the pregnancy at 
any cost to the mother short of death. Traut, Bayer and McLane 
and Mussey and Lovelady** both outline methods of detecting the 
earliest prodromes of infection of the urinary tract and of managing the 
early stages in such a way that the more severe complications can be 
avoided. Rest in bed, sedation and forcing of fluids are measures which 
alone ameliorate or relieve the condition in many cases. The more recent 
use of chemotherapeutic agents has proved successful in controlling 
infection. 
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Cortical Necrosis ——Madding, Binger and Hunt ® report a case of 
postpartum urinary suppression of long duration in which recovery 
ensued. It resembled those in which at autopsy cortical necrosis is found. 
In this instance the patient had taken quinine, and it is suggested that 
this drug may have caused the suppression, since the patient recalled 
that the taking of quinine on a previous occasion had caused a similar 
severe lumbar pain. 

Penner and Bernheim * on reviewing the literature found that in 
the majority of instances bilateral cortical necrosis was preceded by a 
long period of shock, and this occurred in 2 cases which they report. 
Experiments led them to believe that marked vasospasm occurs in shock 
and that such spasm leads to cortical necrosis. In terms of histologic 
changes, the tubules show injury before the glomeruli. If the condition 
lasts long enough, swelling of the glomerular epithelium may be seen. 


CHEMOTHERAPY OF INFECTIONS OF THE URINARY TRACT 


Rantz and Keefer ** discuss the curative effects of sulfanilamide in 
the light of the pathologic changes of pyelonephritis. In vitro, sulf- 
anilamide was found to be both bacteriostatic and bactericidal in urine 
in concentrations in which it was neither in broth cultures. The 
maximum effects of sulfanilamide were obtained in vivo when the urinary 
concentration was 40 to 80 mg. per hundred cubic centimeters. Its 
effects in vivo depend not only on its bactericidal effects in the urine 
but on its aid to the immunogenic mechanisms by which the deep 
structures of the kidney overcome infection. In judging the effectiveness 
of cure the decrease in sedimentation rate of the erythrocytes and the 
diminution in the number of leukocytes in the urine, as determined by 
the sediment count of Addis, give the most valuable evidence. The 
importance of the relief of urinary obstruction, if it exists, is stressed. 

Alyea and Roberts*® find the excretion of sulfanilamide and its 
derivatives in the urine is effected in the same manner as that of 
phenolsulfonphthalein. Studies of the action of the two substances in 
vitro and in vivo are not comparable, since the reaction of the tissues 
is more important than the bactericidal action in the urine. Mandelic 
acid was found to be satisfactory as an agent against infections with 
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Escherichia coli and with Streptococcus faecalis. Both sulfanilamide 
and sulfapyridine were 
effective in 81 per cent of patients with infections caused by E. coli. 
Seventy-five per cent of patients with staphylococcic infections were 
relieved by treatment with sulfapyridine, and 62.5 per cent of the patients 
whose infections were treated with sulfanilamide were cured. The 
responses to these drugs were rapid, a matter of two to three days. 
When the infections were complicated by other pathologic conditions, 
the patients did not respond as favorably. In general sulfanilamide is 
preferred to mandelic acid. High concentrations of the drug are not 
considered necessary. The authors recommend a dose of 1.8 Gm. of 
sulfanilamide per diem with forcing of fluids, a regimen which was 
found to be fully as effective as 3 Gm. per diem with restriction of fluids. 

Cook ** found that sulfanilamide, dimethyldisulfanilamide and 
sulfanilylsulfanilamide were most effective against gram-negative bacilli 
and beta hemolytic streptococci, and also against Bacillus proteus, since 
they are effective in alkaline urine. Staphylococci, micrococci and Str. 
faecalis were not affected by the drugs mentioned, with the exception of 
dimethyldisulfanilamide, which is not marketed because it may produce 
polyneuritis. 

“The early experimental work with sulfapyridine showed little 
advantage in the treatment of infections of the urinary tract caused by 
the gram-negative bacilli on the streptococci. However it was of some 
value in the group caused by the staphylococci.” 

Sulfapyridine is of little value in treating infections caused by gram- 
negative bacilli and streptococci, but can be profitably used in 
staphylococcic infections. It is superior to sulfanilamide against gono- 
coccic infections. 

Sulfathiazole (2-[paraaminobenzenesulfonamido|thiazole) was effect- 
ive against gram-negative bacilli, staphylococci and micrococci. The 
beta hemolytic streptococci do not respond so well to this drug, and 
Str. faecalis is destroyed in only 30 to 40 per cent of cases. With the 
organism last mentioned the reaction of the urine is of great importance. 
Helmholz found that at a py of 5.0 a concentration of 25 to 50 mg. per 
hundred cubic centimeters was bactericidal, while at a py of 7.5 a con- 
centration of 200 mg. per hundred cubic centimeters was merely 
bacteriostatic. 

When the renal function is low, Cook finds that azosulfamide (the 
disodium salt of 4-sulfamidophenyl-2’-azo-7’-acetylamino-1’-hydroxy- 
naphthalene-3’,6’-disulfonic acid) is useful, since it does not tend to injure 
the kidneys. 
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Toxic Effects —Lehr, Chrug and Antopol ® find the renal excretory 
function is impaired by precipitation of acetylsulfamethylthiazole in the 
collecting tubules. In high concentrations degeneration of the paren- 
chyma of the kidneys and the liver was observed. Stryker ® described 
the formation of basophilic masses, consisting of acetylsulfapyridine, in 
the tubules, and also eosinophilic masses, which were regarded as protein 
extrusions from the tubular cells of the proximal convolution. These 
collect in the loop of Henle, causing obstruction and dilatation of tubules 
and Bowman’s space. The concretions are due to excessive concentration 
and high acidity and may best be prevented by maintenance of greater 
diuresis and by alkalinization. In discussing the hematuria resulting 
from the use of sulfathiazole in the treatment of pneumonia, Arnett °° 
recommends a minimal intake of fluids of 3,000 cc. and an output of 
1,500 cc. per diem. The drug is discontinued on the first appearance 
of hematuria or of lumbar pain. The urine should be examined daily 
for crystals of the acetylated drug and for erythrocytes. Loewenberg, 
Sloane and Chodoff *° report the finding of concretions of sulfathiazole 
in the kidneys, ureters and bladder of patients in whom urinary 
abnormalities were not recognized during life. 


PHYSIOLOGIC RELATIONS OF THE KIDNEY, NORMAL AND PATHOLOGIC 

Formation of Urine and Renal Blood Flow.—A well illustrated dis- 
cussion of the minute and comparative anatomy of the kidney, with 
functional and morphologic correlations, has been prepared by 
Edwards." Another paper, which articulates well with that of Edwards, 
is a discussion of the glomerular dynamics by Smith, Chasis, Goldring 
and Ranges,"* based on data concerning diodrast and inulin clearances. 
The hydrostatic pressure in the glomerular capillaries is opposed by the 
oncotic pressure of the plasma proteins and by the pressure of filtrate 
within Bowman’s capsule. When the control of the renal blood flow 
is effected entirely through the tonus of the efferent arterioles, the 
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69. Arnett, J. H.: Hematuria from Sulfathiazole Therapy in Pneumonia, J. A. 
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glomerular filtration rate remains nearly constant. The effects of the 
variations in the afferent flow may be calculated, but it is impossible at 
present for the experimenter to alter the afferent tone consistently and 
reproducibly. 

The arteriovenous anastomoses described by Spanner ** are believed 
by these authors ™ to have no appreciable effects on the perfusability 
of the glomeruli, except to provide a shunt from artery to vein. Retro- 
grade perfusion of the glomerular capillaries would be possible only 
during interruption of the arterial circulation. These anastomoses might 
also play a role in the survival of the aglomerular tubules sometimes 
found in cases of chronic nephritis. 

Chesley and Chesley,™* in discussing the mechanical principles of 
the renal blood flow as measured by the diodrast and inulin clearances 
in women with hypertension and renal impairment, consider the effects 
of changes in the glomerular capillaries in the light of Poisuille’s law, 
which relates the length and diameter of capillary tubes and the viscosity 
and pressure of a liquid to the quantity of liquid flowing through the 
tubes. 

Chasis, Redish and Erdmann * applied the clearance method to the 
determination of the blood flow of the individual kidney by using ureteral 
catheters and taking special precautions against leakage. Their procedure 
promises to be of value in detecting unilateral renal causes of hyper- 
tension. 

Specific Gravity of Urine —Hayman, Shumway, Dumke and Miller 
review the literature on specific gravity of urine from the time of Bright’s 
paper to 1938. Hyposthenuria has been produced experimentally by 
reduction in renal mass, uranium poisoning, ureteral obstruction, 
denervation of kidneys and low protein diets. When dogs were subjected 
to subtotal nephrectomy, a concentrated urine could be formed under 
three conditions: (1) increased plasma proteins, (2) low blood pressure 
and (3) administration of sodium sulfate after deprivation of water. 
Under no circumstances could a urine of high specific gravity be obtained 
from a dog with tubular damage. The administration of solution of 
posterior pituitary led to an increase in the specific gravity of the urine 
in dogs with denervation of the kidneys, but this effect was not produced 
in hyposthenuria due to any other cause. 
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A study of the relation of the specific gravity of the urine to its 
composition by Price, Miller and Hayman * revealed that urea, chloride, 
sulfate, phosphate, bicarbonate and creatinine exhibit additive effects 
on the specific gravity of aqueous solutions. An undetermined fraction 
of the total solids, amounting to 10 to 30 per cent, consists of organic 
acids and an unknown organic substance of low nitrogen content. Their 
findings indicate that calculations of the total solids excreted can be 
made from the specific gravity of the urine only in normal subjects who 
are taking a fixed diet. 

Reaction of Urine—A practical investigation of the control of the 
reaction of the urine has been made by Bridges and Mattice."* This 
paper is of importance because such control is often essential to the 
proper conditions for chemotherapy of infections of the urinary tract 
or for the management of patients with urolithiasis. It was found that 
the urinary reaction cannot be consistently changed without regard to 
its natural trend. It has not been found possible to maintain a con- 
sistently alkaline urine. Temporary alkalinity has been best achieved 
by including cantaloupe in the diet. No other food was found to elevate 
the pu of urine to such high levels (7.2 to 7.8). The most effective 
means of maintaining high urinary acidity was the substitution of cran- 
berry juice for water. The effective use of acidifying drugs was found 
to be conditioned by the amount of water simultaneously claiming 
excretion. Concentration of the urine tends to be associated with 
increased acidity, and dilution, with increased alkalinity ; yet the normal 
kidney is able to form a highly acid dilute urine and a definitely alkaline 
concentrated urine. 

Fluctuations in the py of the urine during the day are related to 
the inconstancy of water excretion. Emotional states may influence 
the reaction. 

The statement is made that in general the excretion of solids is most 
efficiently accomplished under conditions which yield an acid urine. In 
such urines fewer abnormalities are found than in neutral or alkaline 
urines. 

Alving and Miller ** have improved the methods of determining inulin 
accurately in plasma concentrations as low as 5 mg. per hundred cubic 
centimeters. The curve of the plasma concentration of inulin after 
injection of 10 Gm. of this substance was plotted and the constancy of 
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the inulin clearance revealed. The authors employ a 10 per cent solution 
of inulin and inject 100 cc. at the rate of 10 cc. per minute. Blood is 
taken at the midpoint of each period of urine collection. Using this 
method, Miller, Alving and Rubin *’. have found inulin clearance to 
be applicable to the study of patients with nephritis and hypertension, 
on the assumption that no inulin is resorbed in the tubules. 

White," in a study of the diffusion equilibrium between the plasma 
and the cells of dog’s blood, reaches the conclusion that there is a 
contribution of diodrast to the urine by the cells. White and Hein- 
becker ** obtained data concerning the relationship of diodrast clearance 
to the level of plasma iodine in dogs and to the surface area of the body. 
After hypophysectomy the plasma clearance and tubular output of dogs 
were about half normal. 

White ** found that when phlorhizin is given to dogs both the 
diodrast clearance and the glomerular filtration rate are lowered. The 
evidence indicates that these reductions are not due to diminution of the 
total renal plasma flow, from which one would infer that diodrast 
clearance cannot be used for determination of renal blood flow in 
phlorhizinized animals. 

Miscellaneous Papers—Toth** studied the formation of urine in 
dogs with anoxia. Oliguria was noted when gas mixtures low in oxygen 
were given to anesthetized dogs. 

Steinitz,*° using the endogenous creatinine clearance as a measure 
of glomerular filtration, studied the relation of the blood sugar to the 
“threshold” and the rate of resorption of dextrose. 

Arkin and Popper,®* measuring the glomerular filtration by the 
endogenous creatinine clearance, found resorption of urea progressively 
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diminished in proportion to the severity of renal injury. In cases of 
the severest damage the urea clearance may exceed the creatinine clear- 
ance, indicating secretion by the tubular cells. Uremia due to excessive 
resorption of urea is regarded as an impossible condition. 

Monke and Yuile ** studied the clearance of hemoglobin in the dog. 
These authors found that the filtration of hemoglobin amounts to about 
3 per cent of the filtrate and that a medium-sized dog may resorb about 
2 mg. per minute in the tubules. In these studies the endogenous 
creatinine clearance was used as a measure of filtration. 

Renal function in gout was studied by Coombs, Pecora, Thorogood, 
Consolazio and Talbott.** Most subjects with gout were found to show 
some evidence of renal damage and inability to concentrate urine. In 
the absence of severe renal impairment all but 10 per cent of the urates 
filtered were reabsorbed in the renal tubules. With severe impairment 
resorption was depressed and the clearance maintained. The drugs 
cinchopen and salyrgan diminished the tubular resorption, and thus 
increased the urate clearance. Colchicine was without effect on the 
urinary elimination of urates. Renal changes in gout are believed to be 
the result, and not the cause, of the metabolic disorder. 

A statistical study of cases of renal infarction was made by Hoxie 
and Coggin.*® The most common causes were found to be bacterial 
endocarditis, auricular fibrillation, coronary occlusion and arteriosclerosis. 
They call attention to hemoglubinuria occurring in renal infarction. In 
1 case, in which there was complete bilateral infarction, there were 
electrocardiographic changes resembling those described by Masters, 
Jaffe and Dack as characteristic of acute nephritis. 

The myocardial degeneration associated with uremia is described by 
Gouley.°° Peculiar focal degenerations were found, which were more 
conspicuous when fresh and examined in the gross than they were under 
the microscope. The lesions differed from those usually associated with 
vascular occlusion. They were chiefly located in the subpericardial zone 
of the posterior and lateral walls of the left ventricle. Uremic pericarditis 
is believed to be a part of this process. 
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News and Comment 


American Diabetes Association.—An organization known as the American 
Diabetes Association, Inc., has been formed, with the following officers: Drs. 
Cecil Striker, Cincinnati, president; Herman O. Mosenthal, New York, and 
Joseph T. Beardwood Jr., Philadelphia, vice presidents; Samuel S. Altshuler, 
Detroit, secretary; William Muhlberg, Cincinnati, treasurer. The honorary presi- 
dent is Dr. Elliott P. Joslin, Boston, and the honorary members are Drs. Fred- 
erick G. Banting + and Charles H. Best, Toronto. 

According to the constitution and by-laws, the objectives of this new associa- 
tion are: (1) to disseminate information relative to the diagnosis and treatment 
of diabetes by means of meetings, bulletins and publication of papers in scientific 
journals and through a central office; (2) to educate the laity in the early recog- 
nition of diabetes and in the realization of the importance of medical supervision; 
(3) to secure and coordinate the active cooperation of associated groups accept- 
able to the trustees in the educational and organizational phases of the associa- 
tion; (4) to make and publish statistical surveys of diabetes; (5) to encourage 
and support clinical, experimental, sociologic and statistical studies by means of 
grants, and (6) to encourage the adequate treatment of diabetes and the estab- 
lishment of summer camps for children. 

Committees are now engaged in developing a membership list and a program 
for a one day clinical session in Cleveland, at the Hollenden Hotel, on Sunday, 
June 1, at 1:30 p. m. 
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Book Reviews 


Injection Treatment of Hernia, Hydrocele, Ganglion, Hemorrhoids, Pros- 
tate Gland, Angioma, Varicocele, Varicose Veins, Bursae and Joints. 
By Penn Riddle, B.S., M.D., F.A.C.S. Price, $5.50. Pp. 290, with 153 
illustrations. Philadelphia: W. B. Saunders Company, 1940. 


A practical book on injection treatment undoubtedly is timely. Riddle has had 
considerable experience with the operative treatment of various disorders as well 
as with the injection method of treatment of the same disturbances, and for this 
reason he is peculiarly suited to the evaluation of both methods of treatment. He 
states the belief that the injection treatment is not applicable in all cases, and he 
strives to show under what conditions it is, in his experience, indicated. 

In this readable book, which is attractively arranged and well illustrated, Riddle 
discusses the indications and contraindications for the injection treatment of hernia, 
hydrocele, ganglion, hemorrhoids, conditions of the prostate gland, angioma, vari- 
cocele, varicose veins, bursae and diseases of the joints. The anatomic considera- 
tions involved and the technic of injection for the treatment of these disturbances 
are well described and illustrated, and the applicability of the various sclerosing 
solutions is discussed with recommended dosages. 

Naturally, the greater share of the book is concerned with hernia, varicose 
veins and hemorrhoids, and although the physician personally may be opposed to 
the use of sclerosing solutions in the treatment of hernia or hemorrhoids, the 
reader cannot but be impressed with the fairness of the author in his discussion 
of these controversial subjects. 

Riddle states the belief that “In general any small indirect inguinal hernia that 
can be reduced and maintained in a state of complete reduction while the patient 
is ambulatory can be successfully treated by the injection method.” He states 
further, “No hernia with a ring over 2 cm. in diameter should be treated unless 
the patient is impressed with the fact that a cure is very doubtful though improve- 
ment may follow.” Although the author does not commit himself in regard to the 
cure of direct hernias by the injection method, he does state that “Very small 
hernias, in non-obese subjects, may be markedly improved.” He recommends sur- 
gical intervention for femoral hernia and umbilical defects more than 2 cm. in 
diameter. He states the opinion that the “treatment of large external inguinal 
rings (potential hernias) offers a great field for the application of the injection 
method of treatment.” 

The chapters on the treatment of varicose veins are well written, and the 
author’s experience coincides with the views of most of the authorities in this 
country on this subject. 

Riddle advises that “Only simple internal hemorrhoids are suitable for the 
injection treatment.” He is “of the opinion that most anal fissures and fistulae are 
true varicose ulcers; and oftentimes anal pruritus is merely static eczema, the 
result of improper venous return from the anus, rectum and perineum.” 

This book should prove valuable and interesting to any physician, irrespective 
of his field of practice. 


The Calcified Pineal Gland. By Dr. W. Bergmann. Pp. 89, with illustrations. 
Assen: Van Gorcum & Comp., N. V., Amsterdam, 1940. 


This short monograph includes approximately 70 pages of discussion, illustrated 
by a few tables, figures and graphs and by one photograph of a roentgenogram. 
The subject is introduced by a brief description of the embryologic, the histologic 
and the anatomic characteristics of the pineal gland. The author then considers 
calcification of the gland, methods of determining the position of the gland from 
roentgenograms, forms the calcification may assume and structures which may be 
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confused with the pineal body. The incidence of calcification in the various 
decades of life is determined in 1,200 cases. 

The remainder of the book is devoted to the physiology and pathology of the 
pineal gland and to the significance of a calcified gland in diagnosis and therapy. 
Quotations from the literature are incomplete, and results are stated without 
evaluation of the research involved. Many opinions expressed are unsupported 
by scientific data. The clinical manifestations ascribed to disease of the pineal 
gland are unwarranted by the material presented. The author’s interpretation of 
the significance of calcification of the pineal gland has resulted in an uncritical 
appraisal of previous investigative work. The book is poorly organized, and in many 
instances ideas are not clearly expressed. The section on the incidence and locali- 
zation of the calcified pineal gland may be of interest to the neurologist and 
roentgenologist. 


Compendium of Regional Diagnosis in Lesions of the Brain and Spinal 
Cord. By Robert Bing, Professor of Neurology, University of Basel, 
Switzerland. Translated and edited by Webb Haymaker, Assistant Clinical 
Professor of Neurology and Lecturer in Neuro-anatomy, University of Cali- 
fornia. Eleventh edition. Price $5.00, cloth. Pp. 292, with 125 illustrations, 
27 in color and 7 plates. St. Louis: C. V. Mosby Company, 1940. 


This compendium, the first edition of which appeared in 1909, needs no intro- 
duction to neurologists, although it was written with the purpose of serving any 
physician or surgeon who might be called on to localize a pathologic process 
affecting the central nervous system. Although the present edition is larger than 
those that preceded it, the author has succeeded, in the main, in presenting a 
reputedly complicated subject simply, accurately and comprehensively. 

In part I he discusses the localization of lesions of the spinal cord, first in 
the transverse plane and then in the longitudinal plane. The anatomy, physiology 
and semeiology are taken up in turn. 

In part II the localization of cerebral lesions is approached in a similar manner. 
He first considers the brain stem, next the cerebellum and finally the cerebrum, 
basal ganglions and hypophysis. At the end of each part roentgenologic aspects 
of diagnosis and localization are discussed briefly. The work is adequately illus- 
trated, and the illustrations are satisfactorily labeled. The print is large and clear, 
the paper of good quality, the translation well done and the index complete and 
accurate. 

The hope of the author that this edition of his compendium may serve a purpose 
useful to the neurologist and to the surgeon and general practitioner will undoubt- 
edly be realized. The book may be recommended unhesitatingly as an eminently 
satisfactory treatment of this subject. 


Chemotherapy and Serum Therapy of Pneumonia. By Frederick T. Lord, 
M.D., Clinical Professor of Medicine, Emeritus, Harvard Medical School, 
Member of the Board of Consultation, Massachusetts General Hospital ; Elliott 
S. Robinson, M.D., Ph.D., Director, Division of Biologic Laboratories, Massa- 
chusetts Department of Public Health; and Roderick Heffron, M.D., Medical 
Associate, the Commonwealth Fund, formerly Field Director of the Pneumonia 
Study and Service, Massachusetts Department of Public Health. Price, $1.00. 
Pp. 174, with illustrations. New York: Commonwealth Fund. London: 
Oxford University Press, 1940. 

This book, though brief, represents an attempt on the part of its authors to 
evaluate the present status of chemotherapy and serum therapy in the treatment of 
pneumonia, based on the experience of a comparatively large and active public 
health service, especially in Massachusetts. 

It attempts, however, to deal with the subject, namely, pneumonia, with refer- 
ence to the entire problem of the management of this infection. It treats in its 
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subject matter the etiology, the diagnosis, the recognition of types of pneumonia, 
the immunity factors and the prognosis, in addition to its primary purpose, namely, 
chemotherapy and serum therapy. For the reason that it deals with the entire 
problem this book should be of considerable interest to the general practitioner, 
although its value as a reference book is questionable. 

The authors attempt to show, although inconclusively, that the identification 
of the inciting organism is of great importance. No convincing evidence is pre- 
sented which would indicate any advantage in the combined use of chemotherapy 
and serum therapy in the treatment of pneumonia. On the other hand, evidence 
is presented which would favor the combined use of serum and chemotherapy in 
the treatment of bacteremia due to Diplococcus pneumoniae. The authors fail, 
however, to take into account the financial aspects of the problem, which must be 
reckoned with in the employment of the two types of therapy in private practice. 


Essentials of the Diagnostic Examination. By Dr. John B. Youmans, Asso- 
ciate Professor of Medicine and Director of Postgraduate Instruction, Vander- 
bilt University Medical School. Price $3.00. Pp. XVI + 417, with 36 
illustrations and 24 tables. New York: Commonwealth Fund. London: 
Oxford University Press, 1940. 


This is a dapper little volume, well printed on thin paper and of such size, 
shape and weight as to conveniently fit into one’s pocket or bag. It is unpreten- 
tious. The essentials of the diagnostic examination are described; history taking 
in 16 pages, physical examination in 142 pages and laboratory tests in the remaining 
218 pages. 

On first sight this spacing of the material may appear unusual and as if undue 
emphasis was placed on the laboratory tests and too little on history taking. Such 
is not the case. Nobody can tell how to take a good history beyond suggesting 
bare outlines. The technic of physical examination is easier to describe, and cer- 
tainly the author outlines the methods of physical examination in a satisfactory 
manner, including sensible, easily understandable description of neurologic exam- 
ination. The laboratory manual part of the book describes ordinary clinical 
laboratory work and methods with clarity and detail. 

On the whole, the new “Essentials of the Diagnostic Examination” is a good 
1940 model. Every physician ought to have an up-to-date booklet of this char- 
acter as part of his standard equipment, in constant use and as well thumbed as 
any priest’s book of prayers. This particular volume contains few errors, is 
handy and, above all, is put together by a competent clinician thoroughly familiar 
with all of which he writes. It deserves a successful life. 


The Fundamentals of Internal Medicine. By Wallace M. Yater, M.D. 
Price, $9.00. Pp. 1,021, with 255 illustrations. New York: D. Appleton- 
Century Company, Inc., 1940. 


The number of new textbooks of medicine to appear in recent years indicates 
that no really satisfactory one volume treatise is available; the subject has become 
so large and abstruse that the old fashioned descriptive “practice” is now pretty 
much out of order. Discussions usually center on the question of whether one 
man can write the ideal medical textbook or whether it should be compounded out 
of the essays of a group of authorities and whether it should be encyclopedic or 
more especially designed to bring out some homogeneous point of view for the 
student. These problems are not solved, nor is there ever again likely to be a 
wholly satisfactory one volume textbook of medicine. That has gone with the 
coming of television, the airplane and the radio. The tempo of medicine is too fast! 

Dr. Yater’s book represents an excellent and successful attempt to state in 
simple, concise and even dogmatic terms the essentials of internal medicine. This 
is a somewhat new type of book, not written in the usual textbook style; it is a 
supersynopsis. Some of the discussions of important matters are alarmingly brief. 
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To pick an example at random, in the section on treatment of exophthalmic goiter 
the entire problem of iodine preparation for operation is dealt with in two and 
one-third lines. As much or more space is given to Bednar’s aphthae, Riga’s dis- 
ease and torus palatinus. There are many excellent illustrations. 


The Pathology of Internal Diseases. By William Boyd. Third edition. 
Cloth. Price $10. Pp. 874, with 353 engravings and 4 colored plates. 
Philadelphia: Lea & Febiger, 1940. 

Any medical textbook noted for its readability is unusual, but a textbook on 
pathology that is easy to read is unique. The reviewer of the first edition (ArcH. 
Int. Mep. 47:988 [June] 1931) made the following comment: “If one opens the 
book at any of the important chapters, one is immediately engrossed in the subject 
matter.” It is unfortunate that the same remark cannot be made about more 
books in the realm of medical literature. 

The third edition is much the same as the two previous ones. As the author 
states, “Much new material has been added and a number of sections have been 
rewritten, but the size of the book has not been increased owing to deletion of 
older material and to the use of small type for sections of minor importance.” 
That a third edition is necessary in the space of nine years speaks well for activities 
in the field of pathology which is rapidly becoming a broader field of pathologic 
physiology. 

The reviewer, having a special interest in hematology, was particularly con- 
cerned with the treatment of this subject. The section was excellently done in 
general, and the reviewer’s only criticism is the omission of a few pertinent articles 
in the recent literature. In regard to another section, that on the gastrointestinal 
tract, a discussion of the pathologic changes of appendicitis might be included. 
The appendix remains in the realm of internal medicine until it is removed by 
the surgeon. 

The book is definitely to be recommended and should be the wedded companion 
of any general text on internal medicine. 


Biological Symposia. Edited by Jaques Cattell. Price, $2.50, postpaid. Pp. 238. 
Lancaster, Pa.: The Jaques Cattell Press, 1940. 

At the Richmond meeting of the American Association for the Advancement of 
Science, in December 1938, a day was devoted to general discussion of “The Cell 
Theory: Its Past, Present and Future.” The occasion was a celebration of the 
one-hundredth anniversary of this theory as propounded for plant cells by Schleiden 
and applied to animal cells by Schwann. However, as was emphasized by each 
of the speakers, the ideas exploited by Schleiden and Schwann involved an 
erroneous conception which had been developed by other men, long before either 
Schleiden or Schwann appeared on the scene. The celebration consisted, therefore, 
of putting Mr. Schleiden and Mr. Schwann in their proper places. The report of 
this discussion makes reading which is both entertaining and enlightening. 

Two other symposiums are contained in the volume, one on “Mating Types 
and Their Interactions in Infusoria,” the other on “Chromosome Structure.” They 
are somewhat technical for the average physician, but help to form a related series 
and undoubtedly add to the value of the volume. 


Practical Bedside Diagnosis and Treatment. By Henry Joachim, M.D. 

Price, $7.50. Pp. 828. Springfield, Ill.: Charles C. Thomas, Publisher, 1940. 

This book is pleasantly written by a man who obviously has a wide clinical 
background. It is hard to see, however, just what it adds to any one of a number 
of standard textbooks already in use. The descriptions of disease are good but 
sketchy, and much space which could better be used is devoted to rare or unim- 
portant conditions. The outlines of treatment are sound but often not given in 
enough detail to help the inexperienced. 
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